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EVALUATION 


1.  The  objective  of  this  study  was  to  develop  methodologies  and  tech¬ 
niques  for  planning,  monitoring  and  evaluating  stress  screening  programs 
during  electronic  equipment  development  and  production. 

2.  The  study  objectives  have  been  successfully  achieved.  Both  qualita¬ 
tive  and  quantitative  guidelines  have  been  developed  for  tailoring  screen¬ 
ing  procedures  to  specific  hardware  development  and  production  programs. 
A  methodology  for  screen  selection  and  placement  and  for  monitoring  the 
screening  process  through  use  of  adaptive  procedures  has  also  been  devel¬ 
oped.  In  addition,  a  previously  developed  stress  screening  model  has  been 
simplified  and  updated  to  include  more  recent  stress  screening  experience. 
The  model  establishes  a  quantitative  basis  for  planning  and  control.  All 
of  the  major  variables  and  inputs  required  for  planning  and  evaluating 
screening  programs  are  addressed  through  use  of  the  model.  Application  of 
the  techniques  should  greatly  enhance  the  stress  screening  practitioner's 
capability  to  plan  and  conduct  screening  programs  in  a  cost-effective 
manner . 

3.  Use  of  the  techniques  and  methodology  contained  in  the  report  should 
hopefully  foster  the  development  of  a  broader  data  base  for  estimation  of 
model  parameters  and  input  variables.  Users  are  encouraged  to  provide 
feedback  of  information  on  their  application  experience  and  results. 
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This  study  was  conducted  to  develop  quantitative  and 
qualitative  techniques  for  planning,  monitoring  and  evaluating 
stress  screening  programs.  The  effort  included  investigation  of 
technical  and  economic  factors  leading  to  the  adoption  of  a 
screening  program  and  identifying  factors  which  influence  the 
selection  of  particular  screens  and  placement  of  screens  at 
various  assembly  levels. 

A  product  of  this  study  effort  is  a  set  of  three  com¬ 
puter  programs  (comprising  the  Stress  Screening  Model)  which  are 
intended  to  aid  the  stress  screening  practitioner  in  selecting 
screens,  setting  screening  parameters  and  adjusting  screens  on 
the  basis  of  observed  results.  The  function  of  the  Stress 
Screening  Model  (SSM)  is  to  exercise  some  mathematical  routines 
designed  to  find  an  optimum  set  of  screens  to  achieve  the 
desired,  (user-input)  results,  subject  to  the  user-indicated 
constraints . 

If  the  quantity  and  type  of  latent  defects  present  in 
equipment  during  each  level  of  manufacture  were  known  and  the 
ability  of  the  various  stress  screens  to  precipitate  those 
defects  into  hard,  detectable  failures  was  also  known,  the  plan¬ 
ning  of  stress  screening  programs  would  be  greatly  simplified. 
Actually,  the  nature  and  magnitude  of  defects  present  are  unknown 
and  changing  with  time;  screening  strengths  are  not  well  under¬ 
stood  and  appear  to  be  hardware  dependent.  Much  stress  screening 
lias  been  done  in  the  past  several  years  and  general  patterns  are 
beginning  to  emerge.  Screening  appears  to  be  cost-effective. 
Temperature  cycling  and  random  vibration  are  commonly  used 
screens  and  appear  to  be  effective  screens.  Temperature  cycle 
screening  effectiveness  appears  to  increase  with  wider  tempera¬ 
ture  range  and  greater  rates  of  change.  Random,  or  broadband, 
vibration  appears  more  effective  than  single  or  swept  frequency 
vibration.  Constant  temperature  burn-in,  power  cycling,  and  low 
level  single  frequency  vibration  screens  do  not  appear  to  be 
generally  effective.  These  patterns  form  an  industry  consensus 
on  stress  screening  effectiveness. 

The  Martin-Marietta  temperature  cycling  curves  (Ref.  7) 
and  the  Grumman  vibration  curves  (Ref.  8)  are  combined  into 
IIAVMAT  P-9492  and  are  generally  representative  of  the  industry 
consensus.  Screening  strength  equations  developed  previously  by 
Hughes  were  modified  to  reflect  the  Martin/Grumman  data  and  fur¬ 
ther  adjusted  to  satisfy  other  stress  screening  results.  The 
screening  strength  equations  should  not  be  interpreted  as  scien¬ 
tifically  derived  equations  of  general  applicability  but  rather 
as  useful  tools  to  serve  as  a  quantitative  basis  for  planning  and 
controlling  a  stress  screening  program.  Use  of  the  stress 
screening  equations  in  conjunction  with  the  screen  selection  and 
placement  guidelines  will  provide  a  sound  planning  basis. 
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Careful  review  of  stress  screening  results  will  enable  the  proper 
adjustment  of  the  screening  strength  equations  to  match  the  items 
being  screened  through  use  of  the  SSM  adaptive  feature. 

The  SSM  is  easy  to  use  but  this  should  not  be  inter¬ 
preted  as  meaning  that  planning,  monitoring  and  evaluating  a 
stress  screening  program  is  simple.  Rather,  it  is  the  intent  of 
the  authors  to  provide  a  model  which  accepts  all  the  major  vari¬ 
ables  as  user  inputs,  when  available,  but  which  can  be  meaning¬ 
fully  used  when  some  input  data  is  not  available.  The  SSM  con¬ 
tains  default  values  for  all  but  two  user  inputs  and  while  con¬ 
siderable  data  gathering  and  analysis  was  necessary  to  establish 
the  default  values,  they  must  be  considered  applicable  only  to 
the  source  from  which  they  were  derived.  Each  user  should  estab¬ 
lish  his  own  set  of  input  variables  applicable  to  his  production 
processes  and  hardware  item  characteristics  to  make  best  use  of 
the  S3M  and  to  have  the  most  confidence  in  the  results. 
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INTRODUCTION  A1JD  SUMMARY. 


1. 1  Int  roduction .  The  use  of  environmental  stress  screening  of 
electronic  hardware  during  development  and  production  has  in¬ 
creased  significantly  in  the  pa3t  few  years  among  many  military 
electronic  equipment  manufacturers.  The  basic  intent  of  stress 
screening  is  to  detect  latent  defects,  by  subjecting  test  items 
to  specific  conditions  of  environmental  stress,  so  that  such 
defects  can  be  degraded  to  a  detectable  level.  "Latent  defects", 
as  used  here,  represent  weaknesses  in  parts,  workmanship  and  to 
some  extent  design,  which  result  in  much  higher  failure  rates 
than  what  may  be  indicated  by  predicted  inherent  failure  rate 
values.  Electronic  equipment  delivered  to  the  field  often  con¬ 
tain  latent  defects  traceable  to  the  production  process.  Such 
defects  result  in  abnormally  high  failure  rates  and  excessive 
repair  costs  in  the  field.  Early  stress  screening  of  modules  and 
assemblies,  during  production,  is  a  widely  accepted,  effective 
means  of  alleviating  the  problem.  Screening  programs  may  be, 
however,  costly  to  perform  and  may  not  be  fully  effective,  per¬ 
haps  even  detrimental,  if  improperly  applied  and  controlled.  The 
technology  base,  in  addition,  for  screening  test  selection,  ef¬ 
fectiveness  measurement,  and  cost  control,  is  largely  under 
developed . 

Stress  screening  programs  should  be  designed  to  precipitate 
and  detect  latent  defects  early  in  the  production  cycle  when  it 
is  most  cost-effective  to  do  so.  Early  stress  screening  can  in¬ 
crease  the  likelihood  of  the  completed  equipment  passing  final 
acceptance  and  reliability  demonstration  tests  and  may  eliminate 
or  reduce  the  need  for  costly  burn-in  or  reliability  growth 
programs  at  the  system  level.  Early  life  stress  screening  of 
modules  and  subassemblies,  therefore,  can  offer  a  cost-effective 
means  of  enhancing  equipment  reliability  and  reducing  production 
and  field  support  costs. 

Due  to  the  varied  nature  of  military  electronics  equipment 
and  their  associated  design,  development  and  production  program 
elements,  it  is  difficult  to  "standardize"  on  a  particular 
screening  approach.  A  tailoring  of  the  screening  process  to  the 
unique  elements  of  a  given  program  is,  therefore,  required. 
Screening  tests  such  as  temperature  cycling  and  random  vibration 
appear  to  be  the  most  effective  tests.  However,  exposure  levels, 
number  of  cycles,  and  test  durations  differ  widely  among  users. 
Other,  perhaps  less  costly,  tests  such  as  sinusoidal  vibration, 
power  cycled  burn-in  at  ambient  and  temperature  soak  are  also 
used,  but,  in  general,  their  effectiveness  is  believed  to  be  less 
than  the  former  tests.  Precise  information  of  the  effectiveness 
of  the  various  available  screening  tests  is  not  currently  known. 
Screening  tests  therefore  should  be  selected  based  upon  estimates 
of  cost  and  test  effectiveness,  early  development  program  data 
and  on  equipment  design,  manufacturing,  material  and  process 
variables,  which  at  least,  narrow  consideration  to  the  most 
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cost-effective  choices.  The  screening  process  then  should  be 
continuously  monitored  and  test  results  analyzed  so  that  changes 
in  the  process  can  be  made,  as  required,  to  optimize  the  cost- 
effectiveness  of  the  screening  program. 

A  survey  of  the  current  literature  has  shown  that  although 
the  use  of  stress  screening  is  on  the  increase,  there  is  little 
general  guidance  as  to  how  to  be3t  plan,  monitor  and  control  a 
stress  screening  program.  The  Institute  of  Environmental 
Sciences  (IES),  a  professional  organization  of  engineers  and 
scientists,  currently  has  a  national  program  underway  to  develop 
a  guideline  document  for  Environmental  Stress  Screening  of 
Electronic  Hardware.  Results  of  this  effort  were  published  in  a 
guidelines  document  (Ref.  12). 

Hughes  Aircraft  Company  is  also  preparing  a  Stress 
Screening  Guidelines  document  for  internal  use  which  is  expected 
to  be  released  in  1902. 

1.1.1  Objective  and  Scope  of  Study.  The  objective  of  this  study 
was  to  develop  quantitative  and  qualitative  techniques  for  plan¬ 
ning,  monitoring  and  evaluating  stress  screening  programs  during 
electronic  equipment  development  and  production.  The  work  effort 
investigated  methodologies  for  test  selection  and  control  which 
provide  assurance  that  reliability  growth  is  achieved  in  a  cost- 
effective  manner  throughout  the  development  and  production 
process.  The  work  performed  was  concerned  primarily  with  the 
cost-effectiveness  of  stress  screening  at  levels  of  assembly 
above  the  part  level,  i.e.,  assembly/module,  unit/group  and 
equipment/system.  Part  level  screening  considerations  were  in¬ 
cluded  in  the  study  only  to  the  extent  that  the  quality  grade  of 
components  used  influences  the  initial  quantity  of  latent  defects 
and  therefore  the  planning  of  the  stress  screening  program. 

1 . 2  Summary  of  Study 

1.2.1  Study  Approach.  The  basis  of  stress  screening  is  the 
elimination  of  latent  defects  at  a  point  in  the  production 
process  when  it  is  least  costly  to  do  so.  Figure  1.1  depicts  a 
typical  production  process  where  parts  and  jjrinted  circuit  boards 
( PCS )  or  wired  chassis  comxirise  assemblies;  then  manufactured  as¬ 
semblies,  purchased  assemblies  and  associated  wiring  comprise 
units;  and  finally  the  units,  other  equipment  and  intercabling 
make  up  the  completed  system.  Latent  defects  are  introduced  at 
each  stage  in  the  process  and,  if  not  eliminated,  propagate 
through  to  field  use.  The  cost  of  repair  increases  with  increas¬ 
ing  levels  of  assembly,  being  *1  to  $5  at  the  part  level  and  per¬ 
haps  as  high  as  51000  at  the  system  level.  Field  repair  cost  es¬ 
timates  have  been  quoted  as  high  as  515,000.  For  economic 
reasons  alone,  it  is  desireable  to  eliminate  latent  defects  at 
the  lowest  possible  level  of  assembly  and  certainly  prior  to 
field  use. 
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Figure  1.1.  A  Typical  Production  Process.  Finding  defects  at  the  lowest  level  of  manufacture  is  most  cost 
effective. 


Latent  defects  can  be  transformed  into  patent,  or  hard, 
defects  through  the  application  of  environmental  stresses  such  as 
elevated  temperature  operation,  temperature  cycling  or  vibration. 

The  probability  that  a  stress  screen  will  transform  a  latent 
defect  into  a  hard  failure  (given  that  there  is  a  latent  defect 
present)  and  that  failure  will  be  detected  by  the  screen  is  cal¬ 
led  "screening  strength".  Screening  strength  varies  with  the 
screen  parameters,  (e.g.,  the  strength  of  a  temperature  cycle 
screen  increases  with  increases  in  temperature  extremes,  tempera¬ 
ture  rate  of  change  and  number  of  cycles) .  But  there  is  a  cost 
associated  with  application  of  a  stress  screen  and  that  cost 
varies  with  screening  strength.  There  are  then  many  possible 
combinations  of  screening  strengths  and  screening  costs  at  each 
level  of  assembly  and  the  objective  is  to  find  the  lowest  cost 
set  of  screens  that  produces  the  desired  results.  A  computer 
program  is  available  to  perform  this  "optimization"  function  and 
is  discussed  below. 

1.2.2  The  SDO  Model.  A  prior  study  (Ref.  1)  conducted  by  Hughes 
for  RADC  resulted  in  development  of  a  Screening  and  Debugging 
Optimization  (SDO)  model  which  provides  an  optimum  set  of  stress 
screens  based  on  model  inputs  of  estimated  number  of  initial  and 
process-induced  defects  and  estimated  screening  costs.  The  model 
contains  empirical  screening  strength  equations  for  five  stress 
screen  types  (constant  temperature,  constant  power,  cycled  power, 
cycle  temperature,  and  vibration)  in  which  the  screening  strength 
is  a  function  of  screening  parameters  such  as  temperature  ex¬ 
tremes,  number  of  cycles,  rate  of  change  of  temperature,  and 
screen  duration.  Since  there  are  a  very  large  number  of 
combinations  of  stress  screens  and  screen  costs  at  each  level  of 
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assembly,  e.g.,  at  assembly/inodule ,  unit/group,  and 
equipment/system  levels,  the  SDO  model  utilizes  a  dynamic 
programming  algorithm  to  find  the  optimum  solution  to  either, 

1)  the  set  of  screens  which  achieve  a  predetermined  reduc¬ 
tion  of  latent  defects  for  the  least  cost,  or 

2)  the  set  of  screens  which  achieve  the  maximum  reduction 
of  latent  defects  for  a  fixed  cost. 

The  SDO  model  was  retained  for  this  study  because  of  its  op¬ 
timization  capability.  However,  many  changes  were  made  to  the 
model  during  the  course  of  this  study,  as  indicated  below. 


Previous  SDO  Model 

1)  Screening  strength  equations 
do  not  reflect  recent  stress 
screening  experience. 

2)  Vibration  screening  strength 
equation  is  only  for  single 
frequency  vibration. 


3)  Model  is  difficult  to  use. 

Many  user  inputs  are  required. 


Model  Chang es 

More  current  equations  were 
substituted  for  existing 
equations . 

Equations  were  added  for  random 
vibration  and  swept-sine  vibra¬ 
tion.  A  new  equation  for  single 
frequency  vibration  was 
substituted . 

Use  of  the  model  was  simplified 
by  s 

a.  Minimizing  user  input 
requirements . 

b.  Providing  clear  instructions 
for  model  use. 

c.  Providing  examples  to 
aid  the  user. 

d.  Making  the  model  interactive 
for  use  on  tine-share  termi¬ 
nals. 

e.  Including  user  prompter  and 
assist  instructions. 

f.  Output  formats  were  improved 
to  facilitate  user  under¬ 
standing  . 


4)  The  solution  of  the 

optimum  set  of  screens 
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The  dynamic  programming  algo¬ 
rithm  was  altered  to  a 


determined  by  the  model 
was,  occassionally ,  un¬ 
realistic  (e.g.  5  different 

screens  might  be  required 
sequentially  at  the  same 
level  of  assembly) . 

5)  Running  of  the  model  can  be 
costly  (much  core  is  re¬ 
quired  and  CPU  time  can 
become  significant  for 
large  systems). 

6)  3DO  model  does  not  have 
"adaptive  screening" 
capability . 


contrained  optimization 
solution  to  provide  an 
optimum  set  of  screens  consis¬ 
tent  with  current  practice. 


Unnecessary  precision  was 
eliminated.  Instructions  were 
reduced . 


Adaptive  feature  was  added  to 
allow  an  adjustment  of  stress 
screen  parameters  on  the  basis 
of  results  observed. 

Screening  strength  and  initial 
fraction  defective  estimates 
can  be  derived  from  observed 
results  using  the  chance-defec¬ 
tive  exponential  (CDE)  model. 


1.2.3  Screening  Strength  Equations.  Screening  strength  equa¬ 
tions  were  developed  for  random  vibration,  swept-sine  vibration, 
single  frequency  vibration,  temperature  cycling,  and  constant 
temperature.  The  first  three  equations  (those  for  vibration) 
were  developed  from  the  results  of  the  vibration  screening  ex¬ 
periments  conducted  by  Kube  and  Ilirschberger  (Ref.  0). 
Experiments  conducted  by  Edgerton  (Ref.  5)  and  Baker  (Ref.  6)  did 
not  produce  sufficient  vibration  induced  latent  defect  precipita¬ 
tion  to  enable  model  development.  Mo  other  controlled  experi¬ 
ments  with  the  effectiveness  of  vibration  were  identified  by  the 
literature  search.  The  development  of  the  vibration  screening 
strength  equations  is  described  in  detail  in  Appendix  A.  Figures 
1.2,  1.3,  and  1.4  show  screening  strength  versus  time  for  the 
three  vibration  types. 

The  temperature  cycling  screening  strength  equation  is 
derived  from  the  curves  on  page  6  of  MAV/1AT  P-0492  (Ref.  9).  It 
was  assumed  that  the  curves  represented  results  primarily  from 
AGREE  testing  of  avionics  equipment  and  represent  -54  deg.  C  to 
+55  deg.  C  temperature  extremes  and  a  5  deg.  C/minute  rate  of 
change.  The  constant  temperature  screening  strength  equation  is 
derived  from  the  temperature  cycling  equation.  Figures  1.5  and 
1.6  show  screening  strengths  for  the  temperature  related  equa¬ 
tions.  The  derivation  is  described  in  Appendix  A. 

1.2.4  Adaptive  Screening.  Since  the  stress  screening  equations 
are  empirically  derived,  they  are  only  rough  quantitative 
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Figure  1.5.  Screening  Strength  for  a  Temperature  Cycling  Screen  (R  -  100) 
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Figure  1.6.  Screening  Strength  for  a  Constant  Temperature  Screen 


approximations  of  the  screens'  ability  to  precipitate  latent 
defects.  Screening  strength  is  also  thought  to  depend  on  other 
factors  such  as  equipment  type,  construction,  size,  part  composi¬ 
tion  and  degree  of  design  and  production  maturity.  Therefore, 
the  equations  are  useful  in  establishing  a  starting  point  and 
serve  as  a  basis  for  planning  a  screening  program.  As  actual 
screening  results  become  available  they  can  be  compared  with  the 
expected  results  as  determined  by  the  screening  strength  equa¬ 
tions.  If  the  actual  results  fall  outside  the  99  percent  bounds 
on  the  expected  results,  the  actual  data  can  be  entered  into  the 
model  which  will  automatically  adjust  the  "equipment-related" 
constants  of  the  stress  screening  equations,  thereby  adapting  the 
equations  to  t.lie  specific  hardware  characteristics.  The  99  per¬ 
cent  bounds  are  based  on  a  statistical  test  of  the  hypothesis 
that  the  planned  values  are  correct  (with  a  probability  of  1  - 
.99  =  .01  of  rejecting  the  hypothesis  when  it  is  true). 

1.3  Summary  of  Industry  _3urveys 

1.3.1  Surveys  Previously  Conducted  and  Reviewed  for  this  Study . 
Three  surveys  x^reviously  conducted  on  the  subject  of  stress 
screening  were  reviewed  and  the  results  of  each  are  summarized  in 
the  following  paragraphs. 


The  results  of  the  three  surveys  show  marked  similarity  be¬ 
cause  there  are  common  respondents  to  the  surveys  reporting  on 
the  same  experiences.  ’luch  of  the  experience  data  reported  shows 
striking  similarity  in  stress  screens  used,  screening  para¬ 

meters  (e.g.,  temperature  extremes,  temperature  rates  of  change, 
vibration  levels)  and  in  opinions  as  to  which  screens  are  most 
effective.  This  is  attributed  to  the  fact  that  much  of  the 
reported  screening  experience  is  the  result  of  contractually 
required  MIL-STD-731Q  AGREE  testing,  primarily  on  avionics  "black 
boxes " . 

1.3.2  Martin-Marietta  Survey  (Ref.  J ) .  This  survey  of  twenty- 
six  sources  primarily  reporting  on  AGREE  testing  experience  indi¬ 
cate  the  following  beliefs. 

UOTE:  This  survey  represents  experience  and  opinions  of  about 

ten  years  ago  and  a  large  amount  of  stress  screening  ex¬ 
perience,  apart  from  AGREE  testing,  has  been  accumulated 
since  then. 

a.  6-10  thermal  cycles  are  required  for  the  elimination  of  in¬ 
cipient  defects.  As  more  complex  the  screened  item  becomes 
(i.e.,  by  part  count),  more  cycles  are  required. 

b.  (lore  than  10  cycles  are  required  if  screening  is  done  at  the 
assembly  level,  and  unscreened  parts  are  used.  16-25  cycles 
have  been  used. 
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c.  A  temperature  range  of  -54  deg.  C  to  55  deg.  C  is  most  com¬ 

monly  used.  (AGREE  temperature  range  for  avionics).  Best 
screening  is  provided  Dy  using  the  maximum  safe  temperature 
range  and  rate  of  change. 

d.  Temperature  cycling  of  soundly  designed  hardware  does  not 
degrade  the  hardware. 

e.  Application  of  power  during  temperature  cycling  with  con¬ 
tinuous  performance  monitoring  is  recommended.  Turning  off 
power  during  the  cool-down  cycle  allows  a  more  rapid  tem¬ 
perature  rate  of  change  and  allows  parts  to  reach  the  low 
temperature  extreme. 

f.  Failure-free  cycles  are  sometimes  used.  The  report  recom¬ 
mends  one  failure-free  cycle. 

g.  Implementing  temperature  cycling  is  most  compatible  with 

printed  circuit  board  (PCD)  construction  and  least  com¬ 
patible  with  large,  complex  potted  cordwood  modules. 

h.  Augmenting  "black  box"  temperature  cycling  with  additional 
cycling  at  the  PCB  level  should  be  considered. 

i.  An  approximation  of  the  types  of  failures  detected  in  mature 
hardware  by  temperature  cycling  is: 

Design-related  5% 

Manufacturing-related  33% 

Part-related  62% 

j.  Temperature  cycling  is  an  effective  screen,  with  the  screen¬ 
ing  strength  dependent  on  the  temperature  range,  temperature 
rate  of  change  and  number  of  cycles.  Temperature  soaks  and 
low-level  vibration  are  not  effective  screens. 

1.3.3  McDonnell  Aircraft  Company  Survey  (Ref.  11).  This  survey 
was  conducted  during  1973-1980  of  thirty-three  avionic  equipment 
manufacturers  to  determine  the  industry  practice  and  opinions 
current  at  that  time  in  the  conduct  of  environmental  screening. 
A  summary  of  the  survey  results  follows. 

a.  The  primary  environmental  stress  screen  used  is  a  thermal 
cycle,  with  a  high  temperature  limit  of  55  deg.  C  or  71  deg. 
C  most  common  and  a  low  temperature  limit  of  -55  deg.  C  most 
common,  reflecting  the  test  limits  of  MIL-STD-781B. 

b.  Temperature  cycle  durations  of  six  to  eight  hours  are  most 
common  and  probably  reflect  convenience  in  adapting  to  the 
24-hour  day  rather  than  for  screening  effectiveness 
purposes . 
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c.  Four  to  ten  temperature  cycles  is  most  common,  with  the  last 
cycle  being  failure  free. 

d.  The  most  common  temperature  rate  of  change  is  3  to  5  deg. 
C/minute . 

e.  Vibration  during  temperature  cycling  was  limited  to 

MIL-STD-781B  requirements  (i.e.,  2.2g,  sinusoidal,  10 

minutes/hour).  Some  random  vibration  was  used  as  a  screen, 
separate  from  the  temperature  cycling,  using  levels  of  3  to 
6.2g  RMS  for  durations  of  5  to  10  minutes  in  2  or  3  axes. 

f.  There  was  no  concensus  on  when  random  vibration  should  be 
done  when  applied  with  temperature  cycling  (i.e.,  before, 
after,  or  in-between  temperature  cycling). 

g.  The  distribution  of  the  types  of  failures  detected  as  a 
result  of  temperature  cycling  is: 

Design-related  0% 

Manufacturing-related  30% 

Part-related  46% 

Other  15% 

The  above  percentages  are  mean  values  with  large  variances, 
reflecting  varying  degrees  of  production  maturity. 
Soldering  defects  were  the  most  common  manufacturing  related 
defect . 

h.  Factors  influencing  the  design  of  a  screen  for  a  new  produc¬ 
tion  item  were: 


Percent  of 


Factor 

Respondents 

1) 

Previous  experience  on 
similar  equipment 

91 

2) 

Customer  desires 

67 

3) 

Equipment  characteristics 

67 

4) 

Reliability  requirements 

64 

5) 

Use  environment 

50 

6) 

Existing  environmental 
facilities 

40 

7) 

Test  operating  cost 

36 
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i.  About  40%  of  the  respondents  reported  that  the  screen  had 
been  changed  after  the  start  of  production  and  the  majority 
(80%)  of  the  changes  were  to  increase  the  screen  (more 
temperature  cycles,  added  burn-in,  added  random  vibration, 
increased  vibration  level)  as  a  result  of  poor  reliability 
resulting  from  the  initial  screen. 

1-3.4  Institute  of  Environmental  Sciences  (IES)  Survey  ( Ref . 
12) .  This  survey  was  conducted  during  1930-1901  by  an 
IES-sponsored  national  Committee  to  develop  an  environmental 
stress  screening  guidelines  document.  The  survey  resulted  in 
receipt  of  85  detailed  responses  from  14  sources  and  over  50%  of 
the  responses  were  for  avionics  applications.  Salient  findings 
of  the  survey  are  as  follows: 

a.  Thermal  cycling  and  vibration  were  the  most  common  stress 
screening  environments  used  at  the  module,  unit  and  system 
levels.  Survey  respondents  also  believe  that  thermal  cy¬ 
cling  and  vibration  are  the  most  effective  stress  screens. 

b.  Equipment  reliability  can  be  improved  by  25  to  90%  by  means 
of  environmental  stress  screening.  The  range  of  reliability 
improvement  varied  widely  depending  on  equipment  type, 
screening  environment  and  the  levels  of  assembly  at  which 
screening  was  performed . 

c.  Thermal  cycling  was  found  to  be  a  more  effective  screening 
environment  for  electronics  than  vibration,  by  a  factor  of  3 
or  4  to  1 .  Random  vibration  is  more  effective  than  swept 
sine,  and  swept  sine  is  more  effective  than  fixed  sine. 

d.  Both  thermal  cycling  and  vibration  are  needed  for  optimum 
screening  effectiveness.  It  is  inconclusive  that  it  is  more 
effective  to  perform  thermal  cycling  or  vibration  in  any 
specific  sequence  but  there  appears  to  be  a  synergistic  ef¬ 
fect  of  using  both  the  environments. 

e.  Module-level  temperature  cycling  is  generally  20  to  40  ther¬ 
mal  cycles,  with  a  temperature  rate  of  change  of  5  deg. 
C/minute  most  common,  and  no  power  applied  to  the  module. 
There  is  no  significant  payoff  to  extend  the  number  of 
cycles  beyond  40.  Increasing  the  temperature  rate  of  change 
produces  more  effective  screening.  Application  of  power  to 
the  module  during  the  screen  does  not  increase  screening 
effectiveness . 

f.  Units  and  system  level  screening  profiles  used  reflect  the 
strong  influence  of  MIL-STD-7813  in  temperature  range  and 
rate  of  change.  8  to  12  thermal  cycles,  with  power  applied, 
were  most  common. 


11 


9- 


Some  cases  were  noted  where  degradation  was  introduced  in 
equipment  at  high  levels  (i.e.,  6gRMS)  of  random  vibration. 
There  is  also  an  indication  that  lower  levels  of  random 
vibration  can  be  as  effective  as  higher  levels  in  some 
applications . 

1.3.5  Survey  Consensus.  Thermal  cycling  and  vibration  are 
thought  to  be  the  effective  environmental  stress  screens  for 
precipitating  latent  defects.  A  large  part  of  the  reported 
stress  screening  experience  data  is  a  result  of  contractually 
required  AGREE  tests  in  accordance  with  MIL-STD-781B,  test  levels 
E  and  F,  for  avionics  equipment.  The  AGREE  requirements  have  obvi¬ 
ously  strongly  influenced  the  survey  respondents  with  regard  to  temperature 
cycling  and  vibration.  This,  at  least  partly,  explains  the  com¬ 
monality  in  stress  screening  practice.  Most  screening  experience 
is  at  the  unit,  or  "black  box",  level  and  a  range  of  4  to  12 
thermal  cycles  is  believed  to  be  sufficient  to  screen  out  latent 
defects.  There  is  some  belief  that  the  more  complex  the  unit 
(i.e.,  in  part  count),  more  thermal  cycles  are  needed,  although 
this  belief  is  not  universally  accepted.  The  most  common  tem¬ 
perature  range  over  which  thermal  cycling  is  done  is  -54  deg.  C 
to  +55  deg.  C,  again  reflecting  the  influence  of  MIL-STD-731B . 
There  is  a  common  belief  that  greater  temperature  ranges  provide 
more  effective  screening,  provided  that  the  temperature  limits 
are  within  the  safe  operating  limits  of  the  unit  being  screened. 
The  most,  common  temperature  rate  of  change  appears  to  be  5  deg. 
C/minute  and  there  is  general  agreement  that  higher  rates  of 
change  provide  more  effective  screening.  Temperature  cycling  at 
the  unit  level  is  most  often  accomplished  with  power  applied  and 
close  monitoring  of  performance  at  both  temperature  extrenes  is 
recommended.  lower  is  turned  off  during  the  cool  down  cycle. 
Application  of  power  during  temperature  cycling  at  the  module 
level  does  not  appear  to  increase  the  effectiveness  of  unpowered 
screening.  There  does  not  appear  to  be  a  clear  consensus  on  the 
use  of  failure-free  cycles.  While  the  practice  of  requiring  the 
last  cycle  to  be  failure-free  is  used  by  some  and  supported  by 
others,  there  is  another  group  who  believe  that  a  failure-free 
requirement  should  be  included  with  other  acceptance  criteria  and 
kept  separate  from  the  stress  screening  process. 

Random  vibration  is  considered  to  be  the  most  effective 
vibration  screening  process,  followed  by  swept  frequency 
sinusoidal  vibration  (swept  sine)  and  fixed  frequency  sinusoidal 
vibration  (fixed  sine). 

Fixed  sine  vibration  at  low  levels  (e.g.,  2.2g)  is  almost 
universally  believed  to  ineffective  as  a  workmanship  screen. 
Random  vibration  at  levels  of  3-6gRMS,  for  5-10  minutes  (per 
axis),  and  applying  to  2  or  3  axes  is  currently  thought  to  be  the 
most  effective  screen.  However,  the  application  of  random  vibra¬ 
tion  is  relatively  new  and  the  survey  results  were  mostly  reports 
of  AGREE  testing,  using  2.2y  fixed  sine  vibration.  Vibration  at 
the  module  level  is  not  currently  thought  to  be  effective. 
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Screens  other  than  temperature  cycling  and  vibration  (e.g., 
temperature  soak,  power  CN-OFF  cycling)  are  not  considered  to  be 
effective  screens.  Combining  screens,  such  as  performing  tem¬ 
perature  cycling  and  vibration  on  the  same  unit  simultaneously  or 
sequentially  is  considered  to  be  effective.  Opinions  are  mixed, 
however,  on  whether  simultaneous  screening  is  more  effective  or 
has  the  same  effectiveness  as  sequential  screening.  There  is 
also  no  agreement  on  the  most  effective  sequence  of  combined 
screens,  i.e.,  vibrate  before  or  after  temperature  cycle. 

Table  1.1  summarizes  the  key  issues  of  the  three  surveys. 
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TA3LI  1 . 1  SUMMARY  OF  THREE  PREVIOUS  SURVEYS 
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2. 


PLAlJMItlG  A  STRESS  SCREENING  PROGRAM. 


2.1  Introduction .  The  ultimate  success  of  a  stress  screening 
program  is  strongly  dex^endent  on  the  care  taken  in  planning  and 
understanding  the  limitations  of  stress  screening.  The  planning 
of  a  stress  screening  program  involves  a  number  of  considerations 
which  are  addressed  below.  Two  important  considerations  should 
be  kept  foremost  in  mind  in  the  process  of  planning  a  stress 
screening  program; 


•  The  quantitative  asx>ects  of  stress  screening,  i.e.,  the 
expected  number  of  latent  defects  and  the  ability  of  a 
specific  screen  to  precipitate  those  defects,  cannot  be 
analytically  determined,  and  any  models  j>urporting  to 
do  so  must  be  recognized  as  approximation  methods  based 
on  past  experience. 

•  Past  experience  may  provide  some  guidance  in  stress 
screen  selection  in  cases  of  similar  equipment  composi¬ 
tion  and  construction  and  degree  of  production 
maturity.  However,  there  are  usually  other  factors  in¬ 
volved  (e.g.,  reliability  improvement  fixes  may  have 
been  incorporated  simultaneously  with  the  start  of 
stress  screening)  which  may  obscure  the  true  source  of 
improvement . 

Other  factors  to  consider  are: 

•  What  are  the  objectives  of  a  stress  screening  program? 
(e.g.,  achieve  a  quantitative  reliability  goal,  maxi¬ 
mize  reliability,  reduce  production  costs,  reduce  war¬ 
ranty  costs,  minimize  life  cycle  costs?) 

•  What  are  viable  alternative  stress  screens  for  achiev¬ 
ing  objectives  (which  screens  applied  at  which  levels 
produce  the  desired  results?) 

•  What  are  the  costs  associated  with  each  of  the  alterna¬ 
tive  approaches?  (consider  both  nonrecurring  and 
recurring  costs) 

•  How  does  one  know  if  the  screening  program  is  going  ac¬ 
cording  to  plan  (data  gathering,  analysis,  decision 
criteria ) ? 

•  How  can  a  stress  screening  program  be  changed  to 
achieve  more  cost  effective  screening? 

•  iftiat  are  things  that  can  go  wrong,  what  early  indica¬ 
tions  are  there  and  what  should  be  done  to  correct 
them? 
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•  How  to  and  why  keep  management  attention  on  benefits 

being  derived  from  stress  screening? 


2 . 2  Developing  a  Stress  Screening  Plan 

2.2.1  Establishing  an  Objective.  The  most  common  objective  in 
establishing  a  stress  screening  program  is  to  improve  field 
reliability  by  eliminating  latent  defects  in  the  factory  prior  to 
delivery.  This  objective  includes  motivation  through  warranty 
considerations  as  well  as  motivation  to  improve  poor  field 
reliability.  Other  objectives  to  consider  are: 

a.  Meeting  a  contractual  reliability  demonstration 
requirement . 

b.  Achieving  and  maintaining  a  high  field  reliability 
level . 

c.  Assuring  cost  effectiveness  in  a  Reliability 

Improvement  Warranty  (RIV7)  contract. 

d.  Reducing  production  costs. 

e.  Reducing  field  costs  of  operations  and  maintenance 
( O&M ) 

The  cost  of  failing  a  reliability  demonstration  is  high 
enough  to  negate  most  compromises.  The  amount  of  screening  plan¬ 
ned  should  be  consistent  with  the  specified  MTBF  and  test  deci¬ 
sion  risks.  The  same  approach  should  be  considered  on  a 
reliability  improvement  warranty  (RIW)  contract.  It  should  be 
noted  that  more  screening  is  not  always  better  and  the  improve¬ 
ment  per  unit  of  time  decreases  with  time. 

Achieving  and  maintaining  a  high  field  reliability 
requires  careful  evaluation  of  problems  which  could  adversely  af¬ 
fect  reliability  levels  and  an  understanding  of  how  such  problems 
can  be  eliminated  or  controlled. 

2.2.2  Determining  if  a  Stress  Screening  Program  is  Appropriate . 
The  current  popularity  of  stress  screening  might  lead  one  to 
believe  that  it  is  a  panacea  for  solving  problems  of  low  field 
reliability,  high  production  rework  costs  and  slipping  production 
schedules.  Unfortunately,  there  are  many  other  causes  of  such 
problems  and  no  simple  solution  exists  for  correcting  (or 
preventing)  them.  The  value  of  stress  screening,  i.e.,  the 
knowledge  of  what  potential  technical  or  economic  benefits  are 
derivable  from  stress  screening,  should  be  understood  before  a 
decision  is  made  to  apply  it.  Generally,  on  high  volume  produc¬ 
tion  programs  of  complex  hardware  the  cost-effectiveness  of 
stress  screening  should  be  considered.  It  is  not  so  obvious  that 
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stress  screening  is  cost-effective,  or  otherwise  beneficial,  on  a 
single  system,  advanced  development  model,  where  the  production 
phase  is  remote  and  the  non-recurring  costs  for  stress  screening 
facilities  and  test  equipment  are  not  insignificant. 

The  construction  and  complexity  of  the  development  item 
are  important  considerations.  A  breadboard  or  brassboard  model 
which  has  little  resemblance  to  a  future  production  model  should 
not  be  screened  for  manufacturing/workmanship  defects.  A 
development  model  which  is  expected  to  undergo  extensive  produc¬ 
tization  changes  falls  in  the  same  category.  Pre-production 
models  embodying  new  designs  are  prime  candidates  for  stress 
screening  in  a  development  phase  because  the  types  of  defects  to 
be  expected  in  production  can  be  identified  and  a  production 
stress  screening  program  can  be  effectively  planned. 

To  determine  if  a  stress  screening  program  is  appropriate, 
consider  the  following: 

•  Does  the  reduced  field  maintenance  cost  justify  the 
screening  program  cost? 

•  Is  stress  screening  necessary  for  eliminating  excessive 
latent  defects? 

•  Is  stress  screening  necessary  to  achieve  a  technical 
(e.g.,  reliability)  requirement? 

•  Will  stress  screening  (in  a  development  phase)  provide 
valuable  information  for  planning  the  production  stress 
screening  program? 

•  Will  stress  screening  save  money  in  production  (through 
reduced  rework  costs)? 

•  Is  the  improved  production  schedule  resulting  from 
stress  screening  worth  the  cost  of  screening? 

•  Does  the  goodwill  derived  from  delivering  latent 
defect-free  products  balance  the  cost  of  stress 
screening? 

2 • 2 . 2 . 1  Field  Maintenance  Cost  Savings  through  Stress  Screening . 
Field  maintenance  costs  resulting  from  latent  defects  can  be  cal¬ 
culated  by  multiplying  the  number  of  latent  defects  present  by 
the  average  cost  per  field  repair.  Figure  2.1  is  a  simplified 
production  flow  process  of  an  unscreened  unit.  Assume  the  unit 
has  U=10,000  parts,  of  which  p=.001  fraction  defective,  resulting 
in  the  introduction  of  10  latent  defective  parts.  Further,  as¬ 
sume  20  workmanship  defects  are  introduced  at  the  assembly  level 
and  10  more  at  the  unit  level.  The  normal  assembly  and  unit 
operational  testing  is  assumed  to  have  screening  strengths  of 
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0.20  at  the  assembly  level  and  0.40  at  the  unit  level.  Then,  only  6  latent 
defects  are  precipitated  at  the  assembly  level  (0.20  x  30  defects)  and  14 
at  the  unit  level.  Since  a  total  of  40  defects-  were  introduced  in  the 
process  and  20  were  precipitated,  a  balance  of  20  remain  to  fail  in  subsequent 
field  use. 
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Figure  2.1.  Latent  Defect  Flow  for  Process  Without  Stress  Screening 


Figure  2.  2  shows  the  same  unit  with  stress  screening  at  both  the 
assembly  and  unit  levels  and  screening  strengths  of  0.70  are  assuned.  The 
same  number  of  latent  defects  are  introduced  (40)  but  because  of  the 
increased  screening  strength,  34  defects  are  precipitated,  leaving  only  6 
defects  to  be  found  in  field  use.  The  reduction  of  20-6=14  defects  saves 
$140,000  in  maintenance  costs  (at  $10,000  per  repair).  If  the  cost  of  doing 
the  screening  is  less  than  the  discounted  value  of  $140,000,  the 
screening  has  been  cost-effective. 
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Figure  2.2.  Latent  Defect  Flow  for  Process  with  Stress  Screening 
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FIELD  MAINTENANCE  COST  <$M) 


2  4  44  10  12  14  IS 

COST  PER  FIELD  REPAIR  <*K) 


Figure  2.3.  Field  Maintenance  Costs  for  Repairs  Resulting  From  Latent  Defects 


Figure  2.3  shows  that,  for  this  exanple,  at  $10,000  per  field  repair 
a  total  of  $200,000  will  be  spent  in  maintenance  as  a  result  of  the  20 
latent  defects  (p=*.001).  The  figure  shows  costs  rise  rapidly  as  the  initial 
fraction  defective  increases. 
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2  •  2 . 2  •  2  Using  Stres s_  Screening  _to_  Achieve  a  Reliability 
Requirement .  It  is  generally  believed  that  large  part  popula¬ 
tions  are  comprised  of  two  subpopulations,  viz.,  "good"  parts 
with  a  low  failure  rate,  Ag  ,  and  "bad"  parts  with  a  high 
failure  rate,  Afc>.  It  is  further  believed,  and  empirical  and 

experimental  evidence  supports,  that  the  good  subpopulation 
dominates.  The  fraction  of  good  parts  in  the  population  may  be 
from  0.9  to  0.999,  depending  on  the  part  type  and  quality  grade. 
There  is  increasing  evidence  (ref.  19)  that  failures  occurring 
during  the  life  of  equipment  are  latent  defectives  precipitated 
to  hard  failures  through  the  application  of  the  normal  field 
usage  stresses  over  a  period  of  time.  The  continuously  decreas¬ 
ing  subpopulation  of  bad  {latent  defective)  parts  results  in  an 
equipment  life  characteristic  of  a  decreasing  failure  rate. 

If  the  expected  instantaneous  failure  rate  of  an  equip¬ 
ment  is  the  summation  of  the, failure  rates  of  the  good  and  bad 
(defective)  parts, 

A  equipment  =  (N-D)  Ag  +  DkAg  (2-1) 

where,  N  =  total  part  population 

D  =  number  of  defective  parts 

Ag  =  good  part  failure  rate 

k  Ag  =  defective  part  failure  rate 

and  if  estimates  of  Xg  and  k  can  be  made,  then  the  number  of 
latent  defects  that  corresponds  to  a  desired  equipment  failure 
rate  can  be  determined  by  solving  (2-1)  for  D, 

A  equipment  -  IlAg  (2-2) 

D  =*  _ _ _ 

Ag (k-1 ) 

Equation  2-2  addresses  only  latent  defective  parts  and  thereby 
excludes  latent  workmanship  defects,  which  can  be  included  by  ex¬ 
panding  equation  2-1, 

^equipment  =  CN-°^g  *  °Vg  +  CM'c)^c  +  Ck^  (2-3) 
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where,  M  =  total  number  of  electrical  connections 
C  =  number  of  latent  defective  connections 
=*  good  connection  failure  rate 

k-X  =  defective  connection  failure  rate  2 
2  c 

Equation  2-3  can  be  used  in  planning  and  monitoring  a  stress 
screening  program  for  determining  the  necessary  reduction  in  the 
initial  number  of  defective  parts  and  the  number  of  latent  defec¬ 
tive  connections  that  yield  a  value  of  X  equipment  that  cor¬ 
responds  to  the  desired  equipment  failure  rate-  At  the  conclu¬ 
sion  of  stress  screening,  there  are  still  some  residual  latent 
defects.  As  these  latent  defects  are  precipitated  by  field  use, 
the  reliability  will  improve  because  the  latent  defects  are 
replaced  (with  high  probability)  with  good  parts.  See  Appendix  E 
for  a  theoretical  discussion  of  long  term  field  reliability  im¬ 
provement  through  latent  defect  elimination.  Figures  2.4,  2.5 
and  2.6  show  this  reliability  improvement  for  systems  of  2,000, 
10,000,  and  20,000  parts  and  initial  fraction  defective  rates  of 
.001,  .005,  and  .01.  The  figures  represent  systems  of  three  dif¬ 
ferent  part  counts,  and  undergo  a  natural  screening  of  latent 
defects  (no  stress  screening)  in  which  the  good  part  failure 

rate  is  10*'and  the  bad  part  failure  rate  is  2  x  10~4 .  The  cur¬ 
ves  in  Figures  2.4,  2.5,  and  2.6  were  derived  from  a  simulation 
program  which  simulates  failures  of  good  and  bad  parts  and  keeps 
track  of  curamulative  MTBF  as  the  number  of  failures  due  to  bad 
parts  decreases  with  time. 

2 . 2 . 2 . 3  Manufacturi ng _ Cost _ Savings  through  Stress  Screening . 

Consider  the  production  model  shown  in  Figure  2.7.  The  figure 
shows  a  moderately  large  production  operation  involving  100,000 
parts.  This  may  represent  a  single,  large  system  of  that  many 
parts  or  multiple  systems  whose  total  part  count  is  100,000. 
Assume  that,  without  stress  screening,  the  natural  screening 
strengths  of  the  assembly,  unit  and  system  levels  are  0.2,  0.4 
and  0.6,  respectively.  If  the  incoming  part  defect  rate  is  0.5 
percent  and  induced  workmanship  defect  rates  (as  a  fraction  of 
the  number  of  parts)  are  as  shown  in  the  figure,  a  total  of  850 
latent  defects  are  introduced  into  the  process  and  672  of  them 
are  precipitated,  detected  and  removed  in  the  process,  with  the 
balance  of  178  remaining  to  be  discovered  in  field  use. 

If  stress  screening  is  employed  at  the  assembly  and  unit 
levels,  each  with  screening  strengths  of  0.70,  the  resulting 
defect  fallout  at  each  level  is  as  shown  in  Figure  2.8. 
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Figure  2.4.  Field  MTBF  Improvement  Through  Natural 
Latent  Defect  Fallout  {2000  Part  System) 


Figure  2.5.  Field  MTBF  Improvement  Through  Natural 
Latent  Defect  Fallout  (10,000  Part  System) 


Figure  2.6.  Field  MTBF  Improvement  Through  Natural 
Latend  Defect  Fallout  (20,000  Part  System) 
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A  »  0.002  U  ■  0.001  S  -  0.0003 


Figure  2.7.  Production  Flow  Model  Without  Stress  Screening 


Figure  2.8.  Production  Flow  Model  With  Stress  Screening 


The  figure  shows  that  there  is  significant  increase  in  the  number 
of  defects  precipitated  at  the  assembly  level,  a  moderate 
decrease  at  the  unit  level  and  a  significant  decrease  at  the  sys¬ 
tem  level. 

The  cost  analysis  of  the  effect  of  the  stress  screening 
for  this  example  is  shown  in  Table  2.1. 

The  table  shows  that  the  total  manufacturing  cost  of  repair 
without  stress  screening  is  $354. 2K  and  the  cost  of  repair  with 
stress  screening  is  $175.6.  This  indicates  that  if  the  cost  of 
screening  is  less  than  $178. 6K,  a  manufacturing  cost  savings 
results.  (Also,  the  reduction  in  number  of  latent  defects  escap¬ 
ing  to  field  use  from  178  to  57  results  ir.  a  potentially 
significant  field  maintenance  cost  savings). 
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Table  2.1 


Manufacturing  Stress  Screening  Cost 
Analysis  Example. 


Assembly  Level 

Unit  Level 

System  Level 

W/0  S3 

w/ss 

W/0  SS 

W/SS 

W/0  SS 

W/SS 

Number  of 
Defects  Preci¬ 
pitated 

140  ■ 

490 

264 

217 

268 

86 

Cost  per 

Repair 

$50 

$50 

$300 

$300 

$1,000 

$1,000 

Repair 

Cost  ($K) 

7.0 

24.5 

79.2 

65.1 

268.0 

86.0 

Since  the  cost  per  repair  estimates  are  expected  to  vary 
with  type  and  complexity  of  hardware.  Figure  2.9  shows  the  total 
assembly  repair  costs  (per  1000  assemblies)  as  a  function  of  cost 
per  assembly  repair.  Figure  2.10  shows  the  total  unit  repair 
costs  (per  100  units)  as  a  function  of  cost  per  unit  repair. 
Total  cost  .  is  the  product  of  cost  per  repair  and  expected  num¬ 
ber  of  repairs.  The  expected  number  of  repairs  is  determined  by 
the  expected  fraction  of  assemblies  defective  as  a  function  of 
the  initial  part  fraction  defective,  number  of  parts  per  assembly 
and  number  of  assemblies  per  unit,  explained  in  paragraph  2.2.3, 
below.  Both  figures  show  the  repair  costs  incurred  if  all  latent 
defects  entering  that  level  are  precipitated,  detected  and 
eliminated  at  that  level,  which  is  unlikely  since  screening 
strengths  are  not  expected  to  approach  100  percent.  Some  latent 
defects  will  escape  to  subsequent  stages  where  repair  costs  are 
higher.  Therefore,  the  repair  costs  shown  represent  the  lowest 
cost  to  eliminate  latent  defects  entering  that  level. 

2.2.3  The  Role  of  Part  Level  Screens 


2. 2. 3.1  Part _ Failures  in  Field  Use.  The  major  portion  of 

failures  that  occur  in  field  use  appears  to  be  part  failures  as 
compared  to  workmanship  failures,  although  during  early  life  the 
split  between  part  and  workmanship  failures  is  about  equal. 
Figure  2.11  shows  the  changing  distribution  in  failure  types  with 
time  for  a  system  development  program.  The  early  portion  of  the 
fiyure  represents  the  later  development  stages  and  the  later 
portion  represents  the  final  field  testing  stages. 
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Figure  2.9.  Assembly  Repair  Cost  Analysis 
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Figure  2.11.  Distribution  of  Failures  by  Classification  and  By  Time  for  a  Radar  Development  Project 


Qesign-related  failures  are  a  small  fraction  of  the  total  number 
of  failures  in  mature  f^roduction  systems.  During  development, 
however,  the  distribution  is  quite  different  as  indicated  by 
Figure  2-12.  The  figure  shows  the  distribution  of  defects  for 
three  recent,  large  scale  (25,000  to  47,000  parts/system) 
development  programs  over  2-3  years  of  field  operation. 

Part  failures  during  production  results  in  rework  costs 
as  described  earlier.  If  parts  are  procured  without  screening 
and  subjected  to  sample  receiving  inspection,  the  fraction  defec¬ 
tive  may  range  from  .01  to  .20,  depending  on  part  type  and 
quality  grade.  Even  if  the  fraction  defective  is  as  low  as  .01 
and  the  parts  are  installed  on  assemblies  averaging,  say,  50 
parts,  then  about  40  percent  of  all  assemblies  produced  will  be 
defective  (only  one  defective  part  can  make  an  assembly  defec¬ 
tive).  Figure  2-13  shows  the  expected  fraction  of  assemblies 
defective  as  a  function  of  number  of  parts  per  assembly  and  part 
fraction  defective. 

2 . 2 . 3 . 2  Relationship  _of  _ Part  Fraction  Defective  to  Quality 

Grade .  The  failure  rate  of  different  populations  of  microcir¬ 
cuits,  operating  under  identical  conditions,  can  vary  over  an  or¬ 
der  of  magnitude,  depending  on  quality  grade  (Class  S  versus 
C— 1 ) •  Yet,  the  major  differences  between  the  Class  S  die  and  the 
class  C-l  die  are  the  visual  inspection  acceptance  criteria, 
level  of  process  controls,  and  part-level  screens  and  electrical 
tests  to  which  the  dice  are  subjected.  Since  screens  and  tests 
do  not  make  devices  more  reliable  (they  improve  lot  quality  by 
eliminating  some  latent  defective  parts),  a  "good"  class  C-l  die 
is  as  "good"  as  a  class  S  die.  Perhaps  this  can  be  extended  to 
"good"  class  D-l  die  as  well.  Therefore,  it  can  be  postulated 
that  difference  in  failure  rate  of  populations  due  solely  to 
quality  grade  is  a  direct  measure  of  the  difference  in  fraction 
defective  of  those  populations. 

For  example,  consider  a  class  S,  hermetic  flatpack  MSI 
device  of,  say,  40  gates  operating  with  T|=25  deg.C  in  a  benign 
ground  environment.  A  failure  rate  of  u . 0032x10“° failures  per 
hour  is  calculated.  Let  5,000  of  such  devices  be  used  in  an  end 
item  expected  to  operate  50,000  hours.  The  expected  number  of 
device  failures  during  the  end  item  life  is  less  than  1.  For 
this  application,  this  device  can  be  considered  "good"  and  if  the 
population  exhibited  its  calculated  failure  rate  by  having  0,  1, 
or  even  2  failures,  the  population  might  be  considered  to  be  free 
of  latent  defectives .  If  a  class  C-l  device  were  used  on  the  end 
item  instead  of  the  class  S  device,  an  additional  20  failures 
could  be  expected  to  occur  during  the  same  end  item  life,  due 
solely  to  the  difference  in  quality  grade.  Perhaps  the  addition¬ 
al  20  failures  represent  latent  defectives  in  the  population.  If 
the  class  S  parts  were  operated  with  T^ =100  deg.  C  instead  of  25 
C  deg.  the  increase  in  failure  rate  would  result  in  an  additional 
two  failures  during  the  50,000  hours.  This  may  indicate  that  the 
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igure  2.12.  Distribution  or  Failures 
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Figure  2.13.  Fraction  of  Defective  Assemblies  as  a  Function  of  Initial  Part  Fraction  Defective 


class  S  lot  contains  latent  defectives  that  were  precipitated  by 
the  increased  operating  temperature.  There  can  be  no  precise 
definition  for  a  latent  defective  part  because  the  inherent  flaw 
which  makes  a  part  defective  can  range  from  a  minor  flaw  (which 
may  not  be  subjected  to  sufficient  stress  to  cause  degradation  of 
the  flaw  to  a  hard  failure)  to  a  major  flaw  which  requires  only  a 
slight  stress.  One  view  is  that  if  a  part  fails  during  the  life 
of  the  end  item  in  which  it  resides  it  is,  by  definition,  a 
latent  defective  part  (excluding  wearout  failures).  A  device 
population  containing  a  small  fraction  of  defectives  whose  flaws 
range  uniformly  from  minor  to  major  would  exhibit  a  decreasing 
failure  rate  until  it  reached  a  limitinq  population  fraction 
defective, 

p*  “  RT-plTp'  (2-5) 

k  =  ratio  of  defective  part  failure  rate  to 
good  part  failure  rate 


See  Appendix  E  for  a  discussion  of  the  limiting  fraction  defec¬ 
tive.  References  19  and  21  also  discuss  the  decreasing  failure 
rate  characteristic  relationship  to  defectives. 

2. 2. 3. 3  Incoming  Receiving  Inspection  and  Test.  Microelectronic 
devices  procured  to  the  quality  requirements  of  MIL-STD-803 
receive  100%  final  electrical  testing  by  the  part  manufacturer 
but,  nevertheless,  typically  about  1  percent,  and  as  much  as  4 
percent  of  the  parts  will  not  pass  a  similar  electrical  test  per¬ 
formed  at  receiving  inspection.  There  are  several  possible 
reasons  for  this,  including: 

•  the  seller's  and  buyer’s  tests  are  different 

•  seller  testing  errors 

•  buyer  testing  errors 

•  device  damage  or  degradation  in  handling  and 
transportation 

•  inspection  and  sorting  errors 


To  determine  what  fraction  of  incoming  microcircuit  test  rejects 
are  actually  defective,  one  manufacturer  performed  a  retest  of 
525  rejects  from  a  population  of  75,981  devices  tested.  Results 
indicate  that  about  50%  of  the  rejects  are  defective.  Results 
are  summarized  in  Table  2.2.  Other  studies  indicate  that 
without  receiving  inspection  test,  C-0%  of  the  defectives  will  be 
detected  at  the  printed  circuit  board  test,  10%  will  be  detected 
at  higher  levels  and  30%  will  not  be  detected  (device 
applications  not  manifesting  the  defect) . 
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TABLE  2.2  Results  of  Retesting  Incoming  Receiving  Test 
Microcircuit  Rejects 


Supplier 

#  of 
Lots 

Total 

Qty. 

Rejects 

Verified 

(See  Note) 

Total 

% 

A 

25 

8525 

1.17 

62 

32 

0.38 

B 

8 

8435 

■ 

.26 

15 

7 

0.08 

C 

17 

21826 

;  •'  '  V;  ; 

.76 

120 

46 

0.21 

D 

30 

27295 

.53 

35 

102 

0.37 

E 

22 

9471 

1.01 

31 

63 

0.67 

F 

2 

429 

mm 

1.40 

4 

2 

0.47 

TOTALS 

104 

75,981 

534 

0.70 

267 

258 

0.34 

NOTE:  525  of  the  534  rejects  were  retested.  Percent 
failed  shown  in  last  column  is  the  percent  of 
the  total  quantity  tested. 

\ 

Table  2.3  shows  recent  experience  with  receiving  inspection  test¬ 
ing.  The  results  in  Table  2.3  for  microcircuits  show  a  slight 
increase  in  percent  rejects  over  the  figures  in  Table  2.2  due 
primarily  to  increased  testing  at  elevated  temperature  (0.97%  vs. 
0.70%)  . 


Table  2.3  Recent  Receiving  Inspection  Test  Results. 


Part  Type 

Quantity 

Average 

Quality 

Rejects 

Percent 

Rejected 

Microcircuits 

1,419,581 

B-l 

13,779 

0.97 

Discrete  Semiconductors 

343,000 

TX 

2,008 

0.59 

Passives 

1,296,200 

ER-M 

8,539 

0.66 

The  implication  of  the  data  in  tables  2.2  and  2.3  is  that 
populations  of  parts,  even  high  quality  parts  contain  defectives 
and  if  incoming  receiving  test  is  not  performed  then  the  estimate 
of  the  initial  fraction  defective  (PDEP)  must  be  appropriately 
adjusted  when  using  the  Stress  Screening  Model. 
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2.2.4  Manufacturing  Process  Defects 

2.2.4. 1  Sources  of  Defects.  Both  patent  and  latent  defects  are 
introduced  during  the  fabrication,  assembly  and  test  processes  of 
equipment  in  manufacture.  The  patent  defects  pass  through  the 
various  assembly  stages  until  detected  by  a  test  of  sufficient 
thoroughness  and  all  but  the  most  subtle  are  detected  and 
eliminated  prior  to  shipment.  Patent  defects  include  the 
following : 

•  Parts 

Broken  or  damaged  in  handling 

Wrong  part  installed 

Correct  part  installed  incorrectly 

-  Part  failed  due  to  EOS/ESD 

-  Missing  part 

•  Interconnections 

-  Incorrect  wire  termination 

-  Open  wire  due  to  handling  damage 

-  Wire  short  to  ground  due  to  misrouting  or  in¬ 
sulation  damage 

Missing  wire 

-  Open  etch  on  PWB 

Open  plated-through  hole 

Shorted  etch  (solder  bridge,  loose  wire  strand) 

Latent  defects  cannot  be  detected  until  they  are  transformed  to 
patent  defects  through  stress  and  time  and  stress  screening  is 
intended  to  effect  this  transformation.  Latent  defects  include 
the  following: 

•  Parts 

-  Latent  material  or  process  defects 
Partial  damage  through  EOS/ESD 
Partial  physical  damage  in  handling 
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Partial  damaye  during  soldering  (excessive  heat) 

•  Interconnections 

-  Cold  solder 

-  Inadequate/excessive  solder 
Broken  wire  strands 
Insulation  damage 

-  Loose  screw  termination  (lugs) 

-  Improper  crimp 

-  Unseated  connector  contact 

Cracked  etch 

Contact  contamination 

-  Loose  conductive  debris 

2. 2.4. 2  Distribution  of  Defects.  The  quantity  and  distribution 
of  manufacturing  process  defects  are  dependent  on  three  basic 
factors; 

•  Density.  Equipment  with  high  part  and/or  wiring 

density  is  more  susceptible  to  induced  process 

defects  due  to  smaller  error  margins  and  increased 

rework  difficulty. 

•  Maturity.  Hew  production  requires  time  to  identify 
and  correct  planning  and  process  problems,  train 
personnel,  etc.  Maturity  rate  is  dependent  on 
volume  and  time.  Low  volume  over  a  long  time  period 
has  a  low  maturity  rate. 

•  Process  Control.  Even  with  good  process  controls, 
low  maturity  and  high  density  may  result  in  suffi¬ 
cient  process  induced  latent  defects  to  justify 
stress  screening.  Maturity,  with  good  process  con¬ 
trol,  may  eliminate  the  need  for  stress  screening. 

Because  each  manufacturer's  production  process  is  unique  in  terms 
of  product  types,  technology,  skills,  and  management  and  worker 
attitudes  tov/ards  process  control,  there  can  be  no  single  set  of 
guidelines  for  process  defect  elimination  with  general  ap¬ 
plicability.  Each  manufacturer  must  examine  his  own  conditions 
to  determine  the  magnitude  and  nature  of  process  induced  defects 
and  decide  the  appropriate,  perhaps  cost-effective,  course  for 
their  elimination. 
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Table  2.4  shows  a  typical  distribution  of  interconnection  defects 
for  printed  wiring  assemblies  in  early  production,  showing  a 
70/30  relationship  of  solder/etch  defects  and  an  overall  defect 
rate  of  0.2%  defects  per  part.  The  table  shows  the  defects  that 
were  detected  without  stress  screening  at  the  first  opportunity 
(first  assembly  test). 

Table  2.4  Interconnection  Defects  Detected  at  First 
Test  for  Early  Production  PWAs. 


Average 

Parts 

Average 

IC's 

Defects  Detected 

Defects 

Defects 

PWA  Type 

Qty. 

Per  Assy. 

Per  Assy. 

Solder 

Etch 

Other 

Total 

Per  Assy. 

Per  Part 

Digital 

8,160 

85.73 

41.33 

1,343 

638 

7 

1,988 

0.244 

0.0028 

Analog 

3,839 

172.2 

15.00 

450 

152 

2 

604 

0.157 

0.0009 

TOTALS 

11,999 

113.4 

32.91 

1,793 

790 

9 

2,592 

0.216 

0.0019 

If  it  is  assumed  that  the  number  of  PWA  interconnection  defects 
per  part  increases  linearly  with  an  increasing  percentage  of  in¬ 
tegrated  circuits,  a  reasonable  assumption  because  IC's  have  more 
solder  connections  per  part  and  solder  defects  dominate,  then  the 
data  in  Table  2.4  for  digital  and  analog  assemblies  can  be  used 
to  derive  the  linear  relationship. 


y 

m 


mx  +  b 

A  in  defects/part 
A  in  fraction  IC's 


■0028  -  .0009 
.4821  -  .0871 


.0048 


y  -  .0028  =  .0048(x  -  .4821) 


y  =  .0048  x  +  .00049 


where  y  is  the  interconnection  defects  per  part  and  x  is  the  IC 
fraction.  The  bounding  values  are  .00049  when  the  PWA  contains 
no  ICs  and  .0053  when  all  pc.rts  are  ICs . 

Table  2.5  shows  the  distribution  of  part  defects  over  a  one-year 
period  for  multiple  projects  in  various  stages  of  maturity. 
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Table  2 . 5 


Part  Defects  Detected  at  Pirst  Test  for 
Production  PWAs . 


wmn 

■ 

1Ca 

Defecta  Detected 

Defecta 

Detecta 

Per  Aaay. 

Per  Aaay. 

Per  Part 

Digital 

41,879 

35 

876 

14,426 

15,532 

0.736 

0.00682 

Analog 

39,831 

208 

10 

1,391 

17,288 

21,152 

1.321 

0.0048 

Totala 

81,710 

157 

23 

2,267 

31,714 

0.865 

0.0055 

Using  the  same  methodology  as  above,  the  defects  per  part  as  a 
function  of  the  fraction  of  ICs  is, 

y  «  . 00743x  +  .00444 

where  y  is  the  part  defects  per  part  and  x  is  the  IC  fraction.  A 
review  was  made  of  unit  wiring  defects  covering  a  one-year 
period.  Results  are  shown  in  Table  2.6. 

Table  2.6.  Results  of  First  Opportunity  Wire  Testing 
of  Unit  Wiring. 


Qty.  Hires 

Qty.  Wiring 

Fraction 

E99I 

Time  Period 

Tested 

Defects 

Defects 

Cont . 

Leak 

Jun-Dec  1980 

1,175,663 

12,183 

.0104 

1 

3,666 

Jan- July  1981 

1,104,211 

11,830 

.0107 

mm 

4,246 

Total 

2,279,874 

24,013 

.0105 

16,101 

7,912 

Tables  2.2  through  2.6  represent  a  relatively  small  sample  of  the 
nature  and  magnitude  of  defects  to  be  expected  in  the  manufactur¬ 
ing  process  and  are  provided  only  to  allow  the  SSM  user  to  estab¬ 
lish  starting  points  for  part  and  workmanship  defect  values  (PDEF 
and  ADEF )  where  better  information  is  not  available. 

2.2.5  Screen  Selection  and  Placement 


2 . 2 . 5 . 1  General  Industry  Consensus  on  Screen  Selection  and 
Placement.  Because  the  origin  of  environmental  stress  screening 
was  in  AGREE  testing,  specifically  temperature  cycling  and  vibra¬ 
tion  of  avionics  "black  boxes",  the  current  general  industry 
consensus  is  that  temperature  cycling  is  the  most  effective 
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stress  screen,  followed  by  random  vibration  (Ref.  12).  The 
vibration  used  in  AGREE  testing  done  in  the  past  was  single 
frequency  and  relatively  low  level  (2.2g).  In  search  of  more  ef¬ 
fective  screens,  the  Grumman  experiments  (Ref.  8)  indicated  that 
random  vibration  was  more  effective  than  either  swept-sine  or 
single  frequency  sine  vibration.  The  results  of  thermal  cycling 
in  eliminating  parts  and  workmanship  defects  (primarily  during 
AGREE  testing)  were  collected  and  summarized  by  Martin-Marietta 
(Ref.  7).  The  results  of  the  two  studies  (Ref.  7,  8)  were  com¬ 
bined  into  MAVMAT  P-9492  (Ref.  9)  to  serve  as  a  starting-point 
guideline  document. 

At  the  module/assembly  level,  thermal  cycling  is  believed 
to  be  an  effective  screen  for  both  part  and  workmanship  defects. 
The  rate  of  change  of  temperature  is  thought  to  be  an  important 
parameter,  with  higher  rate  of  change  being  more  effective. 
Between  20  and  40  temperature  cycles  are  generally  recommended. 
There  are  two  opposing  schools  of  thought  on  whether  power  should 
be  applied  or  not  during  the  thermal  cycling.  There  also  is  no 
general  agreement  on  the  effectiveness  of  vibration  at  the 
module/  assembly  level.  Experiments  conducted  at  Hughes  (Ref.  5, 
6)  indicated  that  vibration  was  not  effective  for  printed  wiring 
assemblies  (PWAs).  Ref.  20  states  that  PWAs  can  be  effectively 
screened  with  broadband  random  vibration  for  certain  defects. 

At  higher  levels  of  assembly,  i.e.,  units,  groups,  thermal 
cycling  and  random  vibration  are  effective  screens.  Less  thermal 
cycles  are  thought  to  be  necessary  at  these  levels,  varying  from 
4  to  12  cycles.  Power  on  is  generally  accepted  as  more  effective 
and  an  increasing  number  of  practitioners  are  recommending  a  per¬ 
formance  verification  test  (PVT)  at  each  temperature  extreme. 
One  report  states  that  80%  of  all  defects  detected  during  stress 
screening  were  found  during  PVT  at  the  low  temperature  extreme. 
Several  practitioners  using  random  vibration  at  these  levels  cite 
power  on  and  continuous  monitoring  as  essential  to  detect  inter- 
raittents.  low  level  single  frequency  vibration  is  widely  accep¬ 
ted  as  being  an  ineffective  screen. 

There  is  some  disagreement  on  the  effectiveness  of  some 
screens  at  certain  levels  of  assembly,  the  source  of  which  may 
lie  in  differences  in  hardware  type,  construction,  part  content 
and  degree  of  design  and  production  maturity.  Also,  the  defini¬ 
tions  for  the  various  levels  of  assembly  (subassembly,  assembly, 
module,  unit,  group,  etc.)  are  not  cxear  descriptions  of  the 
items  they  represent. 

2 . 2 . 5 . 2  Technical  and  Economic  Factors  to  Consider  in  Selection 
and  Placement  of  Screens 


2.25.2.1  Factors  to  Consider  in  Assembly  Level  Screen 
Selection.  Assembly  level  screens  are  intended  to  accomplish  two 
things, 
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1)  precipitate  latent  defects  which  have  escaped  the 
part  manufacturer's  screens  and  receiving  inspec¬ 
tion  tests,  and 

2)  precipitate  workmanship  defects  introduced  in  the 
process  of  assembly  manufacture. 

The  types  of  latent  part  defects  expected  to  be  present  depends 
on  several  factors,  including, 

1)  types  of  parts  comprising  the  assembly  (i.e.,  mic¬ 
rocircuits,  discrete  semiconductors,  passive  parts, 
low  population  parts,  microwave  parts,  etc.) 

2)  quality  grade  of  the  parts 

3)  extent  to  which  the  parts  were  previously  screened 
(e.g.,  receiving  inspection  tests  and  screens) 

4)  testability  of  the  parts  (e.g.,  microprocessor  and 
other  LSI  devices  are  difficult  to  test  completely 
and  therefore  precipitated  defects  may  go 
undetected) . 

Table  2.7  is  a  summary  of  the  expected  types  of  defects  for  com¬ 
mon  part  types.  The  table  may  be  used  to  assist  in  the  deter¬ 
mination  of  the  most  effective  screen  to  be  selected  based  on  the 
types  of  components  that  comprise  the  assembly  to  be  screened. 
If,  for  example,  the  assembly  consisted  mostly  of  passive  com¬ 
ponents,  the  table  indicates  that  temperature  cycling  is  the  most 
effective  screen,  followed  closely  by  burn-in.  In  this  case,  the 
choice  of  temperature  cycling  or  burn-in  should  probably  be  made 
on  a  cost  basis.  Ref.  7  provides  detailed  breakdowns  of  typical 
failure  modes  and  mechanisms  for  each  major  part  type. 

The  types  of  latent  workmanship  defects  expected  to  be 
present  also  depends  on  several  factors,  including, 

1)  assembly  type  (i.e.,  PWA  or  hard  wired  assembly) 

2)  assembly  complexity  (e.g.,  number  of  printed  wiring 
layers,  PTH  density,  metallization  spacing,  number 
of  parts,  wiring  density,  technology  type) 

3)  type  of  parts  used  (flat  pack  vs  DIP,  hybrids  vs 
discretes ) 

4)  wire  termination  type  (hand  solder,  wave  solder, 
wire  wrap,  crimp) 

5)  design  and  production  maturity. 
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Table  2.7.  Distribution  of  Screening  Methods  for 
Various  Classes  of  Parts.  (Ref.  7) 


Percent  Failure  Modes  Screened 


Passive 

Discrete 

Monolithic 

Hybrid 

All 

General  Screening  Method 

Components 

Semiconductors 

ICs 

ICs 

Parts 

Mechanical  Shock 

0 

2.6 

0 

1.4 

10.0 

Particle  Impact  (PIND) 

0 

7.9 

0 

5.1 

3.3 

Random  Vibration 

10.4 

7.9 

15.6 

10.9 

11.0 

Burn-In 

63.6 

36.8 

35.6 

43.5 

51.9 

Temperature  Cycling 

70.1 

31.6 

24.4 

38.4 

48.6 

Temperature  Soak 

7.8 

31.6 

28.9 

30.4 

22.9 

Temperature  Shock 

13.0 

13.2 

0 

3.6 

2.4 

Power  Cycling  (ON/OFF) 

13.0 

13.2 

0 

3.6 

7.1 

High  Pot. 

2.6 

0 

0 

0 

1.0 

Short  Term  Overload 

39.0 

0 

0 

0 

14.3 

The  recommended  method  for  estimating  the  expected  quantity  and 
type  of  latent  assembly  workmanship  defects  is  to  use  experience 
data  on  assemblies  of  similar  characteristics  produced  under 
similar  conditions.  Table  2.8  provides  a  brief  listing  of  typi¬ 
cal  latent  defect  categories  applicable  to  the  assembly  level  and 
the  types  of  screens  thought  to  be  effective  in  precipitating  the 
defects.  Table  2.8  may  be  used  to  assist  in  the  selection  of  a 
screen  type  based  on  knowledge  of  prior  workmanship  defect  types 
present  in  similar  assemblies.  The  table  indicates  that  vibra¬ 
tion  screens  are  effective  for  loose  contacts,  debris,  loose 
hardware  and  mechanical  flaws  while  thermal  screens  are  not  ef¬ 
fective.  Also,  thermal  screens  are  effective  for  defects  relat¬ 
ing  to  improperly  installed  parts,  wire  insulation,  improper 
crimp  and  contamination  while  vibration  screens  are  not  effec¬ 
tive.  For  other  types  of  workmanship  defects  identified  in  the 
table,  both  thermal  and  vibration  screens  are  effective. 
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Table  2.8.  Assembly  Level  Defect  Type*  Precipitated 
by  Thermal  and  Vibration  Screens 


Defect  Type  Detected 

Defective  part 
Broken  part 
Improperly  inst.  part 
Solder  connection 
PCB  etch 
Loose  contact 
Wire  Insulation 
Loose  wire  termination 
Improper  crimp 
Contamination 
Debris 

Loose  hardware 


Thermal  Screens 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Vibration  Screens 

X 

X 

X 

X 

X 

X 


X 

X 


Mechanical  flaw 


X 


If  a  thermal  screen  (temperature  cycling  or  constant 
temperature  burn-in)  is  selected  for  the  assembly  level,  the  fol¬ 
lowing  screen  parameters  must  be  determined : 

1)  Maximum  temperature  -  The  maximum  temperature  to 
which  the  assembly  will  be  exposed  should  not  ex¬ 
ceed  the  lowest  of  the  maximum  ratings  of  all  the 
parts  and  materials  comprising  the  assembly. 
Non-operating  ratings  for  parts  are  higher  than  the 
operating  ratings. 

2)  Minimum  temperature  -  The  minimum  temperature  to 
which  the  assembly  will  be  exposed  should  not  ex¬ 
ceed  the  highest  of  the  minimum  ratings  of  all  the 
parts  and  materials  comprising  the  assembly. 


NOTE:  1)  and  2),  above,  must  be  carefully  selected  to 
assure  that  maximum  screening  effectiveness  is 
achieved.  Exceeding  the  maximum  ratings  may  result  in 
damage  to  non-defective  parts  or  materials  which  is 
contrary  to  the  principle  of  stress  screening.  If  the 
operating  temperature  for  a  power-on  screen  cannot  be 
readily  determined  analytically,  a  thermal  survey  of 
the  item  to  be  screened  should  be  performed  to  deter¬ 
mine  the  maximum  and  minimum  screening  temperatures. 


3)  Temperature  rate  of  change  -  Screening  effectiveness 

increases  with  increasing  temperature  rate  of 
change.  The  maximum  rate  of  change  is  dependent  on 
the  thermal  chamber  characteristics  and  the  thermal 
mass  of  the  items  to  be  screened. 

4)  Dwell  at  temperature  extremes  -  During  a  temperature 

cycle  it  is  sometimes  necessary  to  maintain  the 
chamber  temperature  constant  once  it  has  reached 
the  maximum  (or  minimum)  temperature,  sometimes 
referred  to  as  dwell.  Dwell  may  be  required  to  al¬ 
low  the  item  being  screened  to  achieve  the  chamber 
temperature.  The  item  thermal  lag  depends  on  ther¬ 
mal  mass  and  most  PWAs  have  a  low  thermal  mass. 
Figure  2.14  shows  the  part  case  temperatures  track¬ 
ing  the  chamber  temperature  very  closely,  therefore 
eliminating  the  need  for  dwell.  PWAs  with  more 
mass  may  require  some  dwell  or  dwell  may  be 
required  if  a  PVT  or  a  vibration  screen  is  to  be 
imposed  at  a  temperature  extreme. 

5)  Number  of  Cycles  -  Ref.  12  recommends  20  to  40  ther¬ 

mal  cycles  for  the  assembly  level.  If  the  SSM  is 
used,  the  number  of  cycles  is  determined  by  the 
required  screening  strength.  (See  Section  4). 
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Figure  2.14.  Card  Thermal  Survey.  Part  temperatures  track  the  chamber  temperature  very  closely.  (Ref  5) 


The  determination  of  whether  or  not  to  apply  power  to  assemblies 
being  screened  and  whether  or  not  to  perform  a  functional  test 
during  the  screen  requires  consideration  of  the  following 
'factors; 

1)  Predominant  type  of  defect  present  -  If  the 
predominant  type  of  defect  is  expected  to  be  a  weak 
interconnection  which  is  transformed  to  an  open 
circuit  by  the  screen,  (cold  solder  joint,  weak 
wire  bond)  then  a  post-screen  test  will  detect  the 
open  circuit  and  power-on  is  not  required. 


If,  on  the  other  hand,  the  predominant  type  of 
defect  is  expected  to  be  of  an  intermittent  nature, 
then  power-on  with  continuous  performance  monitor¬ 
ing  is  necessary. 

2)  Economics  -  A  fixture  and  associated  test  equipment 
to  house  assemblies,  apply  power,  provide  stimuli, 
and  monitor  assembly  performance  can  be  costly. 
The  tradeoff  of  fixture  and  test  equipment  cost  and 
potential  benefits  may  prove  difficult. 

If  a  vibration  screen  is  selected  for  the  assembly 
level,  the  type  of  vibration  (i.e.,  random,  swept - 
sine  or  fixed-sine)  must  be  selected  and  the  fol¬ 
lowing  two  parameters  must  be  determined. 

1)  Vibration  level  -  Ref.  9,  12  and  20  recommend 

random  vibration  and  suggest  a  level  of  2 
.04-. 045  g  /Hz  provided  that  the  assembly  can 
withstand  that  level  without  damage.  If  the 
assembly  dynamic  response  characteristics  to 
the  vibration  excitation  are  not  known,  a  care¬ 
ful  vibration  survey  should  be  conducted  to 
properly  establish  the  acceleration  spectrum 
and  level.  Ref.  20  provides  a  procedure  for 
conducting  a  vibration  survey.  Ref  12  suggests 
use  of  swept-sine  as  a  second  choice  if  random 
vibration  cannot  be  performed.  Single  frequen¬ 
cy  vibration  at  the  assembly  level  is  con¬ 
sidered  as  ineffective. 

2)  Vibration  duration  -  Pef.  9  and  12  suggest  10 
minutes  per  each  of  three  axes.  The  need  for 
multiaxis  excitation  may  vary  from  one  assembly 
to  another  and  therefore  it  is  desireable  to 
determine  fallout  per  axis  during  initial 
screens  to  allow  screen  adjustments. 
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Some  other  factors  to  consider  in  determining  the  desireability 
of  a  PWA  vibration  screen  are  the  PWA  size  and  stiffness.  Larger 
PWAs  will  flex  more  and  precipitate,  such  latent  defects  as 
cracked  etch,  cold  solder  and  embedded  conductive  debris. 
Smaller  PWA,  particularly  if  conformally  coated,  are  stiff  and 
not  amenable  to  vibration  screening. 

2. 2. 5. 2. 2  Factors  to  Consider  in  Unit  Level  Screen  Selection. 
It  is  the  intent  of  assembly  level  screens  to  precipitate  latent 
part  escapes  and  assembly  workmanship  defects.  Unit  level 
screens  are  then  intended  to  precipitate  unit  workmanship  defects 
and  assembly  level  escapes.  Unit  level  defect  types  vary  with 
unit  construction  but  typically  include  interconnection  defects 
such  as, 

1)  PWA  Connector  (loose,  bent,  cracked  or  contaminated 
contacts,  cracked  connector) 

2)  Backplane  Wiring  (loose  connections;  bent  pins, 
damaged  wire  insulation,  debris  in  wiring) 

3)  Unit  Input/Output  Connectors  (loose  or  cracked 
pins,  damaged  connector,  excessive,  inadequate  or 
no  solder  on  wire  terminations,  inadequate  wire 
stress  relief) 

4)  Intra-Unit  Cabling  (Improperly  assembled  coax  con¬ 
nectors;  damaged  insulation). 

Units  may  also  contain  wired  assemblies  integral  to  the  unit  and 
not  previously  screened  such  as  Power  Control  and  BIT  Panels,  and 
purchased  assemblies  such  as  modular  low  voltage  power  supplies. 
The  latent  defects  associated  with  those  assemblies  should  be 
considered  in  the  selection  of  screens. 

Thermal  screens  are  more  effective  than  vibration 
screens  in  precipitating  latent  defective  parts.  Thermal  cycling 
and  vibration  screens  are  both  effective  in  precipitating  latent 
workmanship  defects  although  one  screen  may  be  more  effective 
than  the  other  for  certain  defect  types.  The  unit  composition 
and  knowledge  of  prior  screening  will  dictate  the  expected  types 
of  defects  and  aid  in  screen  selection. 

If  a  thermal  screen  is  selected,  the  same  process  as 
described  for  the  assembly  must  be  followed.  Differences  are 
outlined  below. 

1)  Units  have  greater  thermal  mass  and  therefore  the 
higher  temperature  rates  of  change  may  be  more  dif¬ 
ficult  to  achieve.  A  dwell  at  temperature  extremes 
is  probably  required. 
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2)  Power-on  screening  is  usually  easily  accomplished 
and  widely  recommended.  A  functional  test  (PVT)  at 
temperature  extremes  has  been  shown  in  several 
cases  to  be  effective  in  detecting  defects  not 
detectable  at  room  ambient  temperature.  As  stated 
previously,  one  project  reported  finding  80  percent 
of  the  total  defects  during  PVT  at  low  temperature. 

3)  Less  temperature  cycles  appear  to  be  required  at 
the  unit  level .  A  range  of  4  to  12  cycles  is 
common. 

If  a  vibration  screen  is  selected,  it  is  very  irapor«ant 
that  competent  engineering  personnel  evaluate  the  unit  to  be 
vibrated  to  determine  the  appropriate  vibration  type,  level  of 
excitation  and  whether  or  not  a  vibration  survey  should  be  per¬ 
formed.  There  is  some  evidence  that  for  large,  massive  units, 
low  levels  of  vibration  are  effective  screens. 

2 .2. 5. 3  Pre-  and  Post-Screen  Testing  Considerations.  If  an  item 
is  subjected  to  an  unpowered  screen,  testing  subsequent  to  the 
screen  may  reveal  part  or  workmanship  defects  requiring  correc¬ 
tion.  If  the  item  was  not  tested  prior  to  entering  the  screen  it 
cannot  be  determined,  even  if  a  detailed  failure  analysis  were 
performed,  if  the  defects  found  were  precipitated  by  the  screen 
or  were  present  in  the  item  before  the  screen.  If  all  the  neces¬ 
sary  information  relating  to  the  effectiveness  of  the  screen  were 
known,  i.e.,  the  average  number  of  latent  defects  entering  the 
screen  and  the  average  screening  strength  in  precipitating  those 
defects,  it  would  not  be  necessary  to  know  the  condition  of  the 
item  prior  to  screening.  However,  stress  screening  has  not  yet 
advanced  to  the  point  where  quantity  and  type  of  latent  defects 
can  be  accurately  predicted  and  screening  strengths  calculated 
and  therefore  some  degree  of  experimentation  is  necessary  to 
precisely  derive  reasonable  defect  rate  and  screening  strength 
estimates.  Testing  before  entering  a  screen  establishes  a 
baseline  upon  which  post-screen  testing  results  can  be  used  to 
measure  the  screening  strength.  The  pre-screen  testing  should  be 
done  immediately  before  the  screen  to  eliminate  the  uncertainty 
of  latent  defect  introduction  during  such  processes  as  cleaning, 
conformal  coating,  handling  and  storage  which  may  follow  the  ini¬ 
tial  item  testing. 

Once  the  screening  effectiveness  has  been  established 
the  value  of  both  pre-screen  and  post-screen  testing  has 
diminished  and  it  may  prove  cost  effective  to  perform  only  post¬ 
screen  testing.  When  major  perturbations  take  place,  such  as 
production  line  changes,  fabrication/assembly  process  changes, 
personnel  changes  or  alterations  to  the  stress  screening  process, 
it  may  be  advisable  to  reinstitute  pre-screen  testing  until  the 
process  has  stabilized. 
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For  long  terra  production  programs,  the  normal  learning 
curves  result  in  process  improvements  and  the  quantity  and  dis¬ 
tribution  of  latent  defects  is  expected  to  change  accordingly. 
There  will  be  a  predominance  of  workmanship  and  manufacturing 
process  related  defects  in  early  production  and  component  related 
defects  dominate  mature  production.  Stress  screens  have  a  dif¬ 
ferent  degree  of  effectiveness  for  different  defect  types  and 
therefore  screens  that  may  have  been  effective  during  early 
productions  should  be  periodically  re-evaluated  to  assure  their 
continued  effectiveness. 

2.2.6  Planning  a  Stress  Screening  Program  for  the  Development 
Phase 


2. 2. 6.1  Characteristics  of  a  Development  Phase.  A  development 
phase  may  consist  of  a  very  advanced  development  in  which  a  tech¬ 
nical  concept  is  being  validated  and  the  hardware  used  in  the 
validation  bears  little  resemblance  to  the  production  hardware. 
At  the  other  extreme,  a  development  phase  may  be  late  engineering 
development  and  the  hardware  is  intended  to  be  production 
prototype.  Most  often,  a  development  phase  will  be  somewhere  in 
between  the  above  extremes.  When  a  high  volume  production 
program  follows  development,  there  may  be  a  productization  or 
production  engineering  phase  (PEP)  in  which  major  hardware  design 
changes  are  made  to  enhance  producibility .  Also,  suppliers/ven- 
dors  used  in  development  may  change  for  production.  In  short,  if 
a  stress  screening  program  is  considered  for  a  development  phase 
primarily  for  the  purpose  of  gaining  information  for  planning  the 
production  phase  stress  screening  program,  consider  the  amount  of 
hardware  changes  expected  and  the  relevancy  of  development  phase 
screening  results. 

2. 2. 6. 2  Pro's  and  Con's  of  Stress  Screening  in  a  Development 
Phase .  As  mentioned  in  the  previous  paragraph,  one  good  reason 
for  stress  screening  development  hardware  is  to  gain  information 
about  the  nature  and  magnitude  of  latent  defects  in  complex 
hardware  items.  This  knowledge  is  valuable  in  planning  how  to 
cope  with  the  problem  in  production.  If  a  reliability  demonstra¬ 
tion  test  is  required  during  development  when  a  large  number  of 
latent  defects  are  present  in  the  hardware,  a  stress  screening 
program  may  be  the  best  way  to  reduce  the  number  of  defects  and 
give  a  high  probability  of  passing  the  test.  On  the  other  hand, 
the  benefits  to  be  derived  from  stress  screening  in  development 
may  not  be  worth  the  cost  of  implementation.  During  development 
there  are  many  design  related  problems.  About  one-half  of  all 
failures  are  design  or  engineering-related.  Also,  there  are  many 
manufacturing  related  problems  but  may  have  no  relationship  to 
production  problems  because  the  development  hardware  may  have 
been  fabricated  in  an  engineering  model  shop,  from  engineering 
sketches,  with  soft  tooling,  etc.  Manufacturing-related  problems 
are  about  30%  of  the  total .  Only  one  of  five  confirmed  failures 
in  development  is  component  related  and  many  of  these  failures 
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are  a  result  of  low  quality  part  substitution  for  long-lead 
hi-rel  parts.  The  hectic  integration  and  checkout  activity  and 
the  lack  of  disciplined  electrostatic  discharge/  electrical  over¬ 
stress  (ESD/EOS)  controls  results  in  a  predominance  of  electrical 
overstress  failures.  The  combination  of  the  above  (numerous 
design  and  fabrication  problems  and  electrical  overstress 
failures)  may  tend  to  overshadow  the  latent  defects  during 
development  and  make  stress  screening  of  questionable  value. 

2. 2. 6. 3  Relationship  of  Stress  Screening  and  Reliability  Growth. 
Reliability  growth  is  achieved  through  the  process  of  eliminating 
correctable  defects.  All  design  problems  and  some  workmanship 
and  component  problems  are  correctable.  When  the  proper  correc¬ 
tive  action  is  taken  on  correctable  problems,  the  resultant 
hardware  failures  will  not  recur  and  the  hardware  manifests  an 
improved  MTBF,  called  reliability  growth.  Reliability  growth  in 
development  can  be  enhanced  through  stress  screening  by 
precipitation  of  latent  defects  (early  in  the  growth  process). 
The  latent  defects  eliminated  through  stress  screening  will  not 
occur  as  random  failures  during  later  stages  of  the  growth 
process. 


2.2.7  Planning  a  Stress  Screening  Program  for  the  Production 
Phase 


2. 2.7.1  Using  Development  Phase  Results  to  Guide  Production 
Phase  Planning.  As  was  pointed  out  in  the  preceding  paragraph, 
determination  of  the  effectiveness  of  stress  screening  in  a 
development  phase  is  difficult  because  latent  defect  failures  are 
masked  by  a  predominance  of  other  failure  types.  Therefore,  it 
is  probably  unrealistic  to  expect  that  accurate  screening  para¬ 
meters  can  be  derived  for  production  phase  screening  from 
development  phase  screening  results.  However,  valuable  informa¬ 
tion  can  be  gathered  for  the  development  phase  which  can  be  used 
to  guide  the  planning  for  production.  The  most  valuable  informa¬ 
tion  is  : 

1)  Identification  of  hardware  items  (parts,  assemblies, 
units,  equipments,  ...)  which  exhibited  known  or 
potential  latent  defects. 

2)  Identification  of  suppliers/vendors  whose’  products 
show  potential  latent  defect  problems. 

3)  Assessment  of  the  effectiveness  of  corrective  actions 
taken  to  eliminate  latent  defects. 

4)  Known  defective  items,  eliminated  from  production,  the 
substitutes  for  which  may  require  qualification  test¬ 
ing  and  stress  screening  to  assure  the  absence  of 
latent  defects. 
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5)  The  cost  and  schedule  estimating  factors  for  stress’ 
screening  during  development,  and  their  applicability 
to  production. 

2. 2. 7. 2  Initial  Production  Phase  Start-up  Problems.  Typical 
start-up  problems  to  be  expected  include  the  following: 

1)  Production  personnel  unfamiliarity  with  stress  screen¬ 
ing  requirements . 

2)  Facilities  and  test  equipment  unavailable  for  stress 
screening . 

3)  Production  planning  errors  result  in  incorrect  screen¬ 
ing  and  stress  screening  omissions. 

4)  Required  stress  screening  data  is  not  recorded  or 
recorded  incorrectly. 

5)  Schedule  priorities  preempt  stress  screening 
priorities . 

6)  Loss  of  failed  parts  preclude  a  sufficiently  thorough 
analysis . 

7)  Excessive  lag  time  from  screened  item  failure  to 
repair,  making  timely  analysis  of  screening  results 
difficult . 

8)  Factory  test  equipment  breakdowns. 

It  is  optimistic  to  state  that  all  of  the  above  problems  can  be 
avoided  through  careful  planning  but  it  is  nevertheless  correct 
to  state  that  careful  planning  is  the  only  hope  to  minimize  them. 
The  planning  requires  that  all  organizational  activities  in  . 
manufacturing  involved  in  the  stress  screening  be  made  aware  of 
their  roles  and  responsibilities  at  a  time  early  enough  that  they 
are  able  to  plan  their  functions  and  acquire  the  necessary 
resources  to  execute  their  responsibilities. 

2 . 2 . 7 . 3  Planning  for  Subcontractor/Supplier  Stress  Screening . 
If  it  is  determined  that  certain  subcontractor/supplier  items 
will  require  stress  screening,  the  first  decision  to  be  made  is 
whether  the  items  are  to  be  screened  at  the  subcontractor's/  sup¬ 
plier's  facility  or  screened  by  the  prime  contractor,  either  at 
receiving  inspection/ test  or  at  a  higher  level  of  assembly. 
There  are  several  benefits  to  screening  at  the  subcontractor's/ 
supplier’s  facility, 

1)  Subcontractor/supplier  concern  for  yield  at  screening, 
translated  to  profits,  may  force  process  improvements 
to  minimize  latent  defects. 
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2)  Screening  at  receiving  inspection/test  requires  return 
of  defectives  to  the  subcontractor/supplier,  and  may 
result  in  shortages  and  concomitant  schedule  slips. 

3)  Special  stress  screening  facilities  and  test  equipment 
do  not  have  to  be  acquired/supported/  operated  by  the 
prime  contractor . 

Few  benefits  of  stress  screening  of  a  subcontractor/ supplier  item 
by  the  prime  contractor  can  be  identified. 

To  assure  that  the  subcontractor/supplier  is  able  to  per¬ 
form  the  required  stress  screening,  it  is  important  that  the 
requirements  are  made  known  at  an  early  enough  time  to  allow  hira 
to  acquire  the  necessary  capability,  or  alternatively,  arrange 
for  an  external  laboratory  to  plan  to  perform  to  the  require¬ 
ments.  This  early  planning  is  required  to  assure  that  the  sub¬ 
contractor/supplier  is  contractually  required  to  perform  the 
specified  stress  screening  and  record  and  report  the  results. 

2.3  Contractual  Considerations  in  Stress  Screening 

2.3.1  General  Considerations.  There  are  two  views  on  stress 
screening  that  relate  to  contractual  considerations.  One  view  is 
that  a  stress  screen  or  stress  screening  program  is  similar  to  a 
formal  qualification  or  acceptance  test,  requiring  contractual 
terms,  formal  test  plans,  procedures  and  reports.  Contractually 
required  failure  free  periods  are  appended  to  screens  in  this 
view  and  strong  considerations  are  being  given  to  coupling  incen¬ 
tives  to  screening  results.  The  second  view  is  that  stress 
screening  is  just  another  step  in  the  production  process  to  be 
applied  selectively  and  temporarily  as  an  effective  method  of 
eliminating  latent  defects  and  achieving  cost  savings  and/or 
schedule  improvement  in  the  process. 

It  is  not  surprising,  that  the  first  view  is  widely  held 
by  consumers  while  the  second  view  is  more  common  among 
producers.  Consumers  are  primarily  concerned  with  elimination  of 
latent  defects  prior  to  acceptance  to  avoid  the  high  cost  of 
field  repairs  and  to  improve  operational  readiness.  The 
producers  primary  concern  is  to  optimize  the  production  process 
by  eliminating  latent  defects  at  the  lowest  possible  assembly 
level,  thereby  effecting  cost  savings  and  avoiding  schedule 
delays.  If  the  producers  process  does  not  satisfy  the  consumers 
objectives,  contractual  terms  must  be  executed  to  enhance  the 
process . 


2.3.2  Contractual  Flexibility  to  Permit  Stress  Screening 
Program  Adaptability.  In  early  production,  a  number  of  unknowns 
preclude  adoption  of  optimum  stress  screening.  Some  of  the  more 
significant  unknowns  are: 
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1)  residual  design  deficiencies 

2)  manufacturing  planning  errors 

3)  worker  training 

4)  new  suppliers 

5)  latent  defects  in  new  part  lots 

6)  new  process  capability 

7)  stress  screening  effectiveness 

8)  testability  (for  defect  detection) 


The  stress  screening  program,  even  if  carefully  planned,  may 
produce  unexpected  results  which  should  be  addressed  though 
modification  of  the  screens.  The  principle  of  adaptive  screening 
is  to  adjust  the  screens  on  the  basis  of  observed  screening 
results  so  that  the  screens  are  always  most  cost-effective. 
Contract  terms  should  be  flexible  enough  to  permit  a  modification 
of  screens  or  screen  parameters  when  such  modification  is  shown 
to  be  beneficial  to  the  consumer. 


In  long  term  production  the  quantity  and  distribution 
of  latent  defects  changes  with  time  and  therefore  contract  terms 
should  contain  provisions  for  periodically  reassessing  the  in¬ 
dividual  screens  and  the  overall  screening  program.  The  overrid¬ 
ing  criterion  for  change  should  be  the  most  cost-effective 
achievement  of  consumer  objectives  while  remaining  consistent 
with  the  optimum  production  process. 

2.3.3  Failure  Free  Cycles.  While  currently  used  in  some 
stress  screening  programs  and  apparently  gaining  in  popularity, 
all  that  can  be  meaningfully  said  about  failure  free  cycles  is 
that  some  small  measure  of  confidence  is  gained  that  the  product 
is  not  totally  devoid  of  merit.  End-items  being  screened,  say 
units,  typically  have  inherent  MTBFs  of  500-5000  hours. 
Failure-free  periods  may  range  from  1-10  percent  of  the  inherent 
MTBFs.  Figure  2.15  shows  the  probability  of  passing  a  failure 
free  period  in  1,  2,  or  3  tries  as  a  function  of  the  True 
MTBF-to-Inherent  MTBF  ratio.  The  figure  clearly  shows  that  items 
with  low  ratios  (indicating  many  remaining  latent  defects)  have  a 
good  chance  of  passing  a  failure  free  period.  For  example,  an 
item  which  has  only  1/10  of  its  specified  MTBF  has  a  75  percent 
chance  of  passing  a  failure  free  period  in  3  or  less  attempts. 

2.3.4  Incentives  Associated  with  Stress  Screening.  Many  com¬ 
mercial  products  exhibit  extremely  good  "field"  reliability 
without  having  been  contractually  required  to  perform  stress 
screening.  For  commercial  producers,  the  producers  objective 
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stated  in  2- 3.1  is  modified  to  include  in  the  process  optimiza¬ 
tion  the  least  repair  cost  during  the  warranty  period. 
Significant  losses  that  might  accrue  through  excess  field  repairs 
resulting  from  latent  defect  escapes  must  be  avoided.  Some  com¬ 
mercial  manufacturers  employ  forms  of  stress  screening  to 
precipitate  latent  defects  while  others  concentrate  more  on 
process  control  and  worker  training  and  motivation. 


Figure  2.15.  Probability  of  Passing  a  Failure  Free  Period  of  Duration  0.1  x  Specified  MTBF 


The  producers  concern  for  potential  losses  (which  may 
be  stronger  than  his  concern  for  potential  gains)  resulting  from 
excessive  maintenance  in  early  fielding  may  be  the  necessary 
motivation  for  delivery  of  defect-free  products,  be  it  through 
stress  screening  or  other  means.  The  further  pursuit  of  warran¬ 
ties,  RIW  contracts,  guaranteed  reliability,  full  contractor 
maintenance,  etc.,  seems  strongly  justified. 
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3.  DATA  COLLECTION,  ANALYSIS  AND  REPORTING 


3.1  Data  Collection.  A  stress  screening  program  conducted 
during  a  development  or  early  production  phase  will  be  concurrent 
with  many  other  activities  such  as  reliability  improvements 
through  design  changes,  quality  improvements  through  manufactur¬ 
ing  process  changes,  and  supplier  corrective  action  programs. 
The  simultaneous  activities  will,  collectively,  result  in  a 
product  improvement  the  credit  for  which  may  be  difficult  to  as¬ 
sign.  To  gain  assurance  that  the  stress  screening  measures  taken 
to  improve  reliability  {or  just  to  precipitate  latent  defects) 
are  cost  effective,  it  is  important  that  the  proper  data  be 
gathered  and  analyzed.  This  is  particularly  true  if  an  adaptive 
stress  screening  program,  where  screening  results  are  compared 
with  pre-determined  criteria,  is  employed.  Data  other  than 
screening  results  is  important  for  use  in  conjunction  with  the 
analysis  of  screening  data,  and  includes, 

•  Qualification  test  results 

•  Supplier  acceptance  test  results 

•  Part  receiving  inspection/test  results 

•  Failure  history 

•  Item  inspection  and  test  records. 

3.1.1  Data  Collection  Requirements  for  Stress  Screening  Program. 
The  determination  of  the  specific  data  elements  to  be  collected 
during  a  stress  screening  program  can  be  made  on  the  basis  of  the 
program  objectives.  Simple  stress  screening  programs  require 
little  data  other  than  the  number  of  defects  precipitated  by  the 
screen(s).  When  adaptive  stress  screening  is  conducted,  con¬ 
siderably  more  data  is  required.  The  principle  of  adaptive 
stress  screening  is  the  change  of  the  stress  screens  applied,  on 
the  basis  of  observed  results,  to  achieve  the  most  cost-effective 
elimination  of  latent  defects.  Therefore,  adaptive  stress 
screening  requires  data  related  to  the  effectiveness  of  the  ap¬ 
plied  screens  and  the  actual  costs  incurred. 

The  effectiveness  of  a  stress  screen  can  be  measured  by 
its  screening  strength,  i.e.,  the  probability  that,  given  that  a 
latent  defect  is  present,  the  stress  screen  will  transform  the 
latent  defect  into  a  patent,  or  hard,  defect  and  that  defect  will 
be  detected  by  the  screen.  However,  only  the  total  number  of 
defects  found  as  a  result  of  the  screen  is  observable,  which  is 
insufficient  to  determine  screening  strength.  The  expected  num¬ 
ber  of  latent  defects  ,  F,  precipitated  by  a  screen  is, 

F  «*  D  x  Screening  Strength 
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or  the  product  of  the  screening  strength  and  the  number  of  latent 
defects  entering  the  screen.  The  true  values  of  D  and  screening 
strength  are  unknown.  Further,  the  observed  number  of  defects 
may  not  be  totally  comprised  of  precipitated  latent  defects  but 
may  include  patent  defects  which  have  escaped  prior  screens. 
Another  complicating,  yet  important,  factor  is  that  screening 
strength  is  a  combination  of  the  ability  of  the  screen  to  raise  a 
latent  defect  to  a  detectable  level  and  the  ability  of  the  screen 
to  detect  it.  The  probability  that  a  patent  defect  will  be 
detected  by  the  test  to  which  the  item  being  screened  is  subjec¬ 
ted  is  called  probability  of  detection,  Pd,  or  detection  ef¬ 
ficiency.  The  value  for  Pd  varies  with  the  equipment  complexity 
and  the  thoroughness  of  the  test.  Modern  equipment  comprised  of 
microprocessors,  large  memory  devices  and  other  LSI  devices  may 
contain  patent  defects  so  subtle  that  only  the  most  thorough  of 
tests  will  detect  them.  The  screening  strength  equations  in  the 
SSM  are  derived  from  screening  experience  with  less  complex 
equipment  and  therefore  the  screening  strengths  can  be  expected 
to  be  somewhat  reduced  for  modern,  complex  equipments.  Because 
there  are  many  unknowns  (e.g.,  initial  part  fraction  defective, 
number  of  manufacturing  defects  introduced  at  each  stage  of  as¬ 
sembly,  the  effectiveness  of  screens  to  precipitate  the  various 
types  of  latent  defects,  and  the  ability  of  equipment  tests  to 
detect  precipitated  flaws)  in  the  art  of  stress  screening,  it  is 
important  to  collect  as  much  meaningful  data  as  possible  during 
the  screening  process  so  that  analyses  of  the  data  may  be  helpful 
in  developing  better  estimates  for  the  unknowns.  Some  of  the  es¬ 
sential  data  elements  are, 

1)  Defect  data:  Number  of  defects  observed,  time-to- 

failure  or  cycle-of-failure,  failure  classification  (part, 
design,  workmanship)  and  failure  cause  (to  assist  in  discrimin¬ 
ating  between  latent  and  patent  defects  and  in  determining 
corrective  actions) . 

2)  Screen  Parameter  Data;  Recording  of  chamber  tempera¬ 
ture  and  the  temperature  of  the  item  being  screened 
during  temperature  cycling  and  constant  temperature 
screens  are  important,  at  least  initially,  to  ascer¬ 
tain  that  the  chosen  screen  is  actually  being  applied. 
For  vibration  screens,  the  vibration  input  and  test 
item  response  are  needed. 

3)  Cost  data:  Data  related  to  the  cost  of  conducting  the 

screens  and  the  cost  of  repairs  due  to  precipitated 
latent  defects,  including,  chamber/facility  usage 
hours;  labor  hours;  labor  classifications. 


Ref.  17  provides  an  extensive  discussion  of  data  collection 
during  production  with  emphasis  on  the  aspects  of  environmental 
stress  screening. 
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3.1.2  The  Role  of  Failure  Analysis  In  Determining  Screening 
Effectiveness .  The  effectiveness  of  a  screen  can  be  measured  by 

*the  number  of  latent  defeats  that  are  precipitated  by  the  screen 
(fallout)  and  the  number  of  latent  defects  precipitated  at  sub¬ 
sequent  screens.  The  fallout  at  one  level  of  screening  is  insuf¬ 
ficient  as  a  measure  of  effectiveness  because  the  number  of 
latent  defects  entering  the  screen  is  unknown.  A  comparison  of 
fallout  at  successive  screens  provides  a  basis  for  estimating  the 
initial  quantity  of  latent  defects  and,  therefore,  effectiveness. 

The  total  number  of  failures  occurring  during  a  screen 
(or  detected  at  a  post-screen  test)  are  not  all  precipitated 
latent  defects.  Some  are  patent  defect  escapes  from  lower  level 
testing.  Examples  of  such  patent  defects  would  be  manufacturing  errors 
such  as  missing  components,  improperly  installed  components  and 
wiring  errors  which  were  not  detected  at  prior  test/inspection 
levels.  A  failure  analysis  of  the  "fallout"  data  is  necessary 
to  segregate  the  manufacturing  errors  from  the  true  part  and 
workmanship  defects  and  to  further  segregate  the  screen-induced 
defects  (precipitated  latents)  from  the  patent  escapes.  In  some 
cases  a  detailed  failure  analysis,  including  part  autopsy,  may  be 
required  to  distinguish  latents  from  patents  and  should  be  done 
if  economically  justifiable.  Analysis  in  conjunction  with  test 
thoroughness  investigation  will  help  in  establishing  the  assembly 
level  at  which  the  defect  was  introduced. 

3.1.3  Analysis  of  Stress  Screening  Data . 

3 . 1 . 3 . 1  Data  Analysis  for  Monitoring  the  Stress  Screening 
Program.  Since  a  stress  screening  program  is  established  for  the 
purpose  of  precipitating  latent  defects  and  thereby  improving 
early  field  reliability  and,  perhaps,  saving  production  costs  in 
the  process,  it  is  highly  desireable,  if  not  absolutely  neces¬ 
sary,  to  gather  and  analyze  stress  screening  data  to  determine  if 
latent  defects  are  being  precipitated  at  the  expected  rate.  An 
extensive  review  of  stress  screening  literature  conducted  during 
the  course  of  this  study  confirms  that  data  collection  and 
analysis  is  the  most  neglected  aspect  of  stress  screening. 
Inasmuch  as  it  is  widely  recognized  that  estimating  the  number  of 
latent  defects  present  is,  at  best,  difficult  and  there  is  con¬ 
siderable  uncertainty  about  the  ability  of  various  stress  screens 
to  precipitate  those  defects,  the  importance  of  carefully  examin¬ 
ing  the  initial  screening  results  cannot  be  over-emphasized. 

The  SSM  can  be  used  to  assist  in  the  analysis  of  data. 
The  model  calculates  the  expected  fallout  F,  of  any  screen  i  by, 

F  -  (Di  +  ADEFi)  •  SSi* 

where  =  number  of  latent  defects  entering  the  screen 

at  the  ith  assembly  level 
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ADEEj^  ■  number  of  latent  workmanship  defects  introduced 
at  the  ith  assembly  levpl 

SS^  ■  screening  strength  of  the  ith  screen 


The  SSM  also  calculates  a  probability  interval,  i.e.,  upper  and 
lower  bounds  on  the  expected  fallout.  A  .99  probability  interval 
is  computed  by  the  model  unless  a  different  interval  is  requested 
by  the  user.  See  Appendix  B  for  a  theoretical  discussion  of  the 
probability  interval  calculation.  If  the  actual  number  of 
defects  precipitated  by  the  screen  is  within  the  desired  prob¬ 
ability  interval,  it  can  be  concluded  that  the  stress  screening 
is  proceeding  as  exacted.  If,  on  the  other  hand,  the  actual 
fallout  lies  outside  the  interval,  an  analysis  of  the  data  is  in¬ 
dicated.  The  fallout  data  may  either  exceed  the  upper  bound  or 
fall  short  of  the  lower  bound.  When  the  upper  bound  is  exceeded, 
four  possibilities  exist: 

1)  the  screening  strength  may  be  greater  than  calculated 
by  the  model , 

2)  the  estimate  of  the  initial  part  fraction  ( PDEF )  may 
be  low , 

3)  the  estimates  of  induced  assembly  defects  (ADEF)  may 
be  low,  or 

4)  the  fallout  may  include  patent  defects  that  escaped 
detection  in  prior  process  steps. 

To  be  able  to  determine  which  of  the  four  possibilities  is  most 
likely,  a  thorough  analysis  of  the  actual  fallout  data  is 
required.  If  the  fallout  data  is  predominantly  part  defects  as 
compared  to  assembly  defects,  possibility  2)  seems  likely. 
Conversely,  if  assembly  defects  predominate,  possibility  3)  seems 
more  likely.  If  the  part  and  assembly  defects  are  in  the  expec¬ 
ted  proportion  but  high,  possibilities  1)  or  4)  may  be  selected, 
the  same  type  of  reasoning  can  be  applied  when  the  actual  fallout 
falls  shott  of  the  lower  bound. 

3 . 1 . 3 . 2  Data  Analysis  for  Evaluating  the  Stress  Screening 
Program .  Stress  screening  programs  may  be  costly  to  implement, 
and  are  justified  by  the  resulting  subsequent  savings.  Caution 
should  be  exercised  to  avoid  commiting  tc  a  fixed  stress  screen¬ 
ing  regimen  for  a  long  production  run  on  the  basis  of  the  initial 
cost-ef fectiveness  analysis  and  early  screening  results.  Time 
may  bring  about  changes  that  impact  on  the  cost-effectiveness  of 
screening,  such  as  changes  in  the  magnitude  and  distribution  of 
latent  defects,  cost  of  conducting  screens,  cost  of  repairs,  and 
improved  estimates  of  screening  strengths.  The  SSM,  with  its 
optimization  feature,  can  be  used  to  determine  a  new  set  of 
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screens  or  revised  screening  parameters  that  are  more  cost 
effective.  Refer  to  the  examples  in  Section  4.0  to  see  how  the 
SSM  can  be  used  for  this  purpose. 

The  data  analyses  required  for  cost-effectiveness  evalua¬ 
tion  are, 

1)  revised  estimates  of  part  and  assembly  defects 

2)  adjusted  equipment-related  parameters  of  screening 
equations  (using  the  adaptive  feature), 

3)  revised  estimates  of  screening  cost  (at  this  point, 
the  fixed  cost  is  sunk  cost  and  may  be  excluded  from 
the  analysis), 

4)  revised  estimates  of  repair  costs  at  each  level  of 
assembly. 

Data  analysis  during  a  production  screening  program  ser¬ 
ves  another  vital  purpose  besides  determining  the  cost- 
effectiveness  of  the  screening.  Proper  analysis  of  fallout  data 
aids  in  identification  of  "correctable"  defects  which,  if  correc¬ 
tive  action  is  taken  to  eliminate  their  source/cause,  will  not 
recur  in  subsequent  production  items.  Elimination  of  correctable 
defects  results  in  reduced  fallout  and  lower  production  costs, 
which  may  indicate  a  need  to  alter  the  screens.  Sufficient 
elimination  of  correctable  defects  may  result  in  no  further  need 
for  screening . 

3 . 1 . 3 . 3  Using  the  Chance  Defective  Exponential  (CPE)  Model  to 
Evaluate  Stress  Screening  Results.  Ref.  11  provides  a  method  of 
temperature  cycle  screening  data  analysis  which  gives  estimates 
of  screening  strength,  initial  fraction  defective  and  constant 
failure  rate.  Figure  3.1  is  an  extract  from  Ref.  11  showing  a 
sample  histogram  plot  of  unit  average  failure  rate  per  tempera¬ 
ture  cycle.  The  per  cycle  data  is  used  to  develop  maximum 
likelihood  estimates  (MLE),  for  parameters  ag,  a-i  and  a?  using  a 
constrained  optimization  computer  program  developed  by  McDonnell 
Aircraft  Company. 

The  parameters  of  the  CDE  model  (an,  ap  and  a2)  are 
directly  related  to  key  unknowns  (initial  fraction  defective, 
screening  strength,  latent  defective  fallout  rate)  vital  to  plan¬ 
ning,  monitoring  and  evaluating  stress  screening  programs. 
Therefore,  the  CDE  model  is  considered  to  have  potential  as  an 
analytical  tool  for  evaluating  a  screening  program.  The  para¬ 
meters  are; 

ag  =  NX  g,  where  IT  is  the  total  number  of  parts  in  the 
item(s)  subjected  to  stress  screening 
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and  Ag  is  the  failure  rate  of  good  parts,  i.e.,  parte 
without  latent  defects.  Sq  then  provides  a  measure  of 
failure  rate  of  the  good  parts  subjected  to  the 
screen. 

aj  ■  Np,  where  p  is  the  fraction  of  the  part  population 
that  is  latent  defective,  aj  is  then  a  measure  of  the 
total  number  of  latent  defective  parts  entering  the 
screen. 

“  h  A  g,  where  k  is  the  ratio  of  the  failure  rate  of 
latent  defective  parts  to  the  good  parts.  a£  is  then 
a  measure  of  the  rate  at  which  latent  defectives 
precipitate  into  patent  defects  under  the  conditions 
of  the  stress  screen,  and  therefore  is  a  measure  of 
the  screening  strength. 

Obtaining  estimates  of  aQ ,  a^,  and  aj,  from  actual  screening 
fallout  data  allows  the  estimation  of  the  vital  screening  program 
parameters.  Since  Sq  =*  N*g,  an  estimate  of  provides  an  estimate 
of  Ag  because  N  is  known.  Similarly,  since  a^,  ■>  Np,  an  estimate 
of  aj  provides  an  estimate  of  p  (fraction  defective).  Finally, 
an  estimate  of  &2  Provides  an  estimate  of  k  since  an  estimate  for 
Ag  is  derived  from  ag. 


Figure  3.1.  Temperature  Cycling  Data  Fitted  to  the  Chance  Defective  Exponential  Model 
(Ref  11) 
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3.2  Reporting  of  Results 


3.2.1  Purpose  of  Reporting  Results.  Timely  reporting  of  the 
results  of  stress  screening  to  cognizant  management  personnel  is 
important  to  provide  the  necessary  visibility  regarding  progress 
toward  achieving  the  stress  screening  program  objectives 
(achievement  of  a  reliability  requirement,  manufacturing  cost 
savings,  field  maintenance  cost  savings,  or  combinations  there¬ 
of)  .  Timely  and  accurate  reporting  allows  decisions  to  be  made 
regarding  changes  to  the  stress  screening  program  for  improved 
effectiveness  or  enhanced  cost  savings.  Reporting  also  serves  as 
a  forcing  function  on  the  important  tasks  of  stress  screening 
data  collection  and  analysis. 

3.2.2  Reporting  Methods .  There  are  three  basic  methods  of 
reporting  results  to  management, 

1)  Periodic  verbal  reporting  with  visual  aids, 

2)  Periodic  written  reports,  ranging  from  informal,  in¬ 
ternal  correspondence  to  formal,  contractually 
required  reports,  and 

3)  Computer  generated  reports,  either  in  hard  copy  form 
or  image  form  on  graphics  terminals. 

The  verbal  reporting  method  is  most  common  and  has  the  advantage 
of  facilitating  a  question/answer  exchange  for  report  clarifica¬ 
tion.  The  disadvantage  of  this  method  is  that  it  is  more  time 
consuming  than  the  preparation  of  an  informal  report  but  this  may 
be  justified  by  the  more  effective  information  transfer.  The 
verbal  reporting  is  most  desireable  at  the  beginning  of  the 

stress  screening  program  when  there  is  the  highest  degree  of  un¬ 

certainty  and  highest  management  interest.  As  the  stress  screen¬ 
ing  program  initial  adjustments  are  effected  and  screening 
results  are  consistent  with  expectations,  reporting  should  trans¬ 
fer  to  informal  internal  correspondence  (e.g.,  weekly  reports) 
and,  perhaps,  a  formal  monthly  or  bi-monthly  report  to  the  cus¬ 
tomer.  The  third  reporting  method  is  most  efficient  and  is  ap¬ 
plicable  during  any  phase  of  the  stress  screening  program. 

3.2.3  Report  Content.  The  content  of  the  reports  should  be 

tailored  to  the  specific  objectives  of  the  stress  screening 

program.  If  the  primary  objective  is  to  achieve  a  reliability 

requirement,  a  reliability  projection  based  on  screening  results 
is  most  appropriate.  Cost  data  is  always  an  appropriate  report¬ 
ing  element  and  may  include  planned  versus  actual  screening 
costs,  manufacturing  costs,  or  field  maintenance  costs.  Below 
are  some  other  typical  reporting  elements: 

•  Assemblies  screened  to  date  (total  number  of) 
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•  Assemblies  passed  screen  without  failure 

•  Assembly  workmanship  defects  expected 
e  Upper  and  Lower  Bounds 

e  Assemblies  with  1,  2,  . ..  defects 
e  Parts  on  assemblies  screened 
e  Part  defects  detected 

•  Part  defects  expected 
e  Upper  and  Lower  Bounds 

e  Assembly  workmanship  defects  detected 
e  (Repeat  of  above  for  units,  systems) 
e  Assembly  yield 
e  Assembly  repair  costs 

•  Unit  repair  costs 

e  System  repair  costs 
e  Estimated  part  fraction  defective 
e  Correctable  failures 
e  Corrective  action  status 
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4. 


THE  STRESS  SCREENING  MODEL  (SSM) 


4.1.  Description  of  the  Model.  The  SSM  is  a  modified  version 
of  the  Screening  and  Debugging  Optimization  (SDO)  Model  (Ref.  1), 
the  changes  to  which  are  described  in  paragraph  1.2  of  this 
report.  A  simplified  flow  diagram  depicting  the  stress  screening 
process  is  shown  in  Figure  4.1  below.  The  figure  shows 
(INCOMING)  the  total  number  of  parts  and  number  of  defective 
parts  entering  a  screening  process.  At  level  1,  some  workmanship 
defects  (ADEF)  are  introduced  and  the  screen  at  level  1  has  some 
screening  strength  (SS)  which  acts  on  thtf  incoming  part  and 
workmanship  defects  to  produce  an  expected  fallout  of  part 
defects  ( PRT)  and  workmanship  defects  (WKM) .  The  total  number  of 
defects  entering  a  level  minus  the  fallout  is  the  number  of 
residual  defects  passed  on  to  the  next  level  (DEF  PASSED).  After 
passing  through  the  three  screening  levels,  there  are  still  some 
defective  parts  remaining  (DEF  P  REM)  and  some  workmanship 
defects  remaining  (DEF  W  REM),  resulting  in  some  instantaneous 
outgoing  MTBF  value.  At  each  level  there  i3  an  expected  fallout 
and  because  of  random  variations  in  defect  quantities  and  screen¬ 
ing  strengths,  a  probability  interval  with  upper  and  lower  bounds 
(UPPR  BHD,  LOWR  BND)  is  computed  for  monitoring  purposes. 


Figure  4,1.  Stress  Screening  Model  Representation  of  the  Production  Flow  Process 
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4.1.1 


Model  Options.  The  SSM  has  three  options,  as  follows: 


1)  MTBF  Option  (Option  A) .  The  SSM  provides  an  optimum  set 
of  stress  screens  to  precipitate  the  required  number  of  latent 
defects  to  achieve  a  desired  instantaneous  MTBF  at  the  termina¬ 
tion  of  the  screening. 

2)  Cost  Option  (Option  B).  The  SSM  provides  a  set  of  screens 
to  precipitate  the  maximum  number  of  latent  defects  for  a  fixed 
cost. 

3)  Trade-off  Option  (Option  C).  The  SSM  provides  the 
capability  to  evaluate  existing  screens  and  to  identify  equiv¬ 
alent  screens  for  trade-off  purposes. 

4.1.2  The  MTBF  Option.  In  this  option,  the  user  must  input  the 
desired  MTBF  of  the  item(s)  to  be  screened  and  must  also  input 
the  total  number  of  parts  comprising  the  item(s)  and  the  expected 
number  of  latent  defects.  User  input  requirements  and  model 
default  values  are  described  in  paragraph  1.5  below.  The  MTBF 
value  must  be  a  series  MTBF  (i,e.,  the  sum  of  the  failure  rate  of 
all  parts  subjected  to  the  stress  screen) .  The  model  may  be  used 
for  a  single  system  or  for  multiple  systems.  The  total  number  of 
parts  and  MTBF  must  be  adjusted  accordingly.  The  model  assumes 
that  the  MTBF  is  comprised  of  the  reliability  characteristics  of 
good  parts,  with  a  failure  rate  Xg,  and  latent  defective  parts, 
with  a  failure  rate  kXg,  good  connections  with  a  failure  rate  Xc 
and  defective  connections  with  a  failure  rate  kX  c,  as  follows: 


MTBF  =  [(N-D)Xg  +  Dk^  (M-C)Xc  +  Ck^]-1  (4-1) 

where  N  »  Total  number  of  parts 

D  *  Humber  of  latent  defective  parts 

k  »  Defective  part  failure  rate  multiplier 
1 

M  »  Total  number  of  connections 

C  »  Number  of  latent  workmanship  (connections)  defects 

k  =»  Defective  connection  failure  rate  multiplier 
2 


equation  (4-1)  to  determine  the  optimum  set  of 
result  in  an  MTBF  equal  to  or  greater  than  the 


The  SSM  uses 
screens  that 
desired  MTBF. 
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4.1.3  The  Coat  Option.  In  this  option,  the  user  must  input  a 
fixed  cost  amount  for  which  the  SSM  will  identify  a  set  of  stress 
screens  removing  the  largest  number  of  defects. 

4.1.4  The  Trade-off  Option.  In  those  cases  where  a  stress 
screening  program  has  already  been  defined,  the  user  may  want  to 
compare  the  overall  cost  and  composite  screening  strength  of  the 
pre-defined  screens  with  the  optimum  screens  selected  by  the  SSM. 
In  this  option,  the  user  inputs  the  stress  screen  types  and 
screen  parameters  and  the  SSM  will  compute  the  total  cost  and 
composite  screening  strength.  This  option  also  allows  the  deter¬ 
mination  of  equivalent  screens,  i.e.,  if  a  given  screen  has  some 
undesirable  characteristics,  an  alternate  screen  of  equivalent 
strength  can  be  determined . 

4.1.5  Description  of  User  Inputs  to  SSM  and  Model  Defaults . 
Table  4.1  lists  the  SSM  data  requirements  and  default  values. 
The  model  prompts  the  user  for  the  necessary  data  for  the  option 
chosen. 


A  ceiling  cost  (CREQD)  for  the  screening  program  is  neces¬ 
sary  only  for  Option  B.  The  model  optimizes  removal  of  the  larg¬ 
est  number  of  latent  defects  while  staying  under  the  ceiling 
cost . 


The  total  number  of  parts,  the  failure  rate  of  good  parts, 
the  failure  rate  of  good  connections,  and  the  fraction  of  parts 
which  are  defective  are  necessary  for  all  options.  Defaults  are 
available  for  all  but  the  number  of  parts.  Expected  latent 
defects  are  discussed  in  Paragraph  4.1.6  below. 

The  screen  sequence  is  entered  by  use  of  the  screen  num¬ 
bers  as  indicated  below: 


Screen  Ho . 
1 
2 

3 

4 

5 


Screen 

Constant  Temperature 
Cycled  Temperature 
Random  Vibration 
Sine  Sweep  Vibration 
Sine  Fixed  Vibration 


Model  defaults  are: 

Level  1  Cycled  Temperature  (1) 
Level  2  Random  Vibration  (3) 

Constant  Temperature  (2) 


Level  3 


TABLE  4-1.  STRESS  SCREENING  MODEL  USER  INPUT  DATA  REQUI 
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**  If  using  to  analyze  fallout  data. 


TABLE  4-1.  STRESS  SCREENING  MODEL  USER  INPUT  DATA  REQUIREMENTS 

& 

MODEL  INPUT  VALUES _ _ _ _ _ 
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The  SSM  prompts  the  user  for  the  test  parameters  in  the  chosen 
test.  Table  4.2  identifies  the  parameters  for  each  test. 


TABLE  4.2  TEST  PARAMETER  CROSS  REFERENCE 


TEST  PARAMETER 

No.  1 

No.  2 

No.  3 

No.  4 

1.  Constant  Temperature 

Temp. 

Extreme 

<°c> 

Test 
Time 
(Hrs . ) 

- 

- 

2.  Cycled  Temperature 

Upper 

Temp. 

(°C) 

Lower 

Temp. 

<°C> 

Temp. 

Rate  Change 
(°C/Min. ) 

Number 

Cycles 

3.  Random  Vibration 

Vibration 
G- level 
(g's) 

Test 

Time 

(Min) 

— 

4 .  Sine  Sweep 

Vibration 

G-level 

(g’s) 

Test 

Time 

(Min) 

“ 

5.  Sine  Fixed 

Vibration 

Vibration 

G-level 

(g’s) 

Test 

Time 

(Min) 

In  Options  A  and  B  { MTBF  and  Cost)  the  user  chooses  all  but 
the  last  parameter  for  all  desired  screens.  An  upper  limit  for  a 
range  is  chosen  for  the  final  parameter.  The  model  examines  a 
grid  of  5  points  on  each  range.  It  then  finds  the  optimal  set  of 
time  and/or  cycle  parameters. 

In  Option  C  (Tradeoff)  all  parameters  are  fixed  at  user 
inputs.  The  model  computes  test  strengths,  costs,  fallouts,  etc. 

When  the  screen  equivalency  capability  is  utilized  only 
two  screens  are  considered.  All  parameters  in  the  given  screen 
are  fixed  by  the  user.  All  but  one  selected  parameter  are  fixed 
in  the  desired  screen.  The  model  finds  the  value  for  the 
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variable  parameter.  This  value  yields  a  strength  for  the  desired 
test  equal  to  the  strength  for  the  given  test.  If  this  value 
cannot  be  achieved,  a  message  is  written  and  the  user  may  enter 
new  parameters . 

The  basic  cost  equation  for  each  test  is  of  a  linear  na¬ 
ture  where: 


test  cost  «  fixed  cost  +  (variable  cost  x  test  duration). 


The  default  used  for  fixed  cost  in  the  SSM  is  zero  due  to 
the  assumption  that  test  equipment,  etc.  are  already  available  to 
the  user.  For  assembly  and  unit  levels  the  actual  time  on  test 
is  multiplied  by  15%  since  it  was  found  in  a  previous  study 
(RADC-TR-73-55 )  that  this  yields  an  approximation  of  actual  labor 
hours.  If  the  user  wishes  to  alter  the  15%  constant  its  location 
is  given  in  Appendix  F. 

Test  duration  is  a  test  parameter  in  all  but  temperature 
cycling  screens.  The  time  required  to  reach  the  temperature  ex¬ 
tremes  is  computed  by  using  the  temperature  rate  of  change  param¬ 
eter.  It  was  found  that  the  function 

td  *  4/dT  (4-2) 
where  Cd  *  dwell  time 

dT  ■  temperature  rate  of  change  (in  oC/minute) 


with  units  adjusted  to  yield  hours,  gave  a  good  approximation  of 
dwell  time.  Thus,  test  duration  for  temperature  cycling  is 
expressed. 


where  d 


d  ■  2%c  (tt  *  V  (4-3) 

»  test  duration 
■  number  of  cycles 

»  temperature  transition  time  (minimum 
temperature  to  maximum  temperature) 


t 


d 


dwell  time 


In  all  cases  test  duration  is  computed  in  hours  and  the  input  or 
default  variable  cost  is  in  dollars  per  hour.  If  the  user  does 
not  input  a  variable  test  cost  the  default  of  $30/hour  per  hour 
is  used. 
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The  average  cost  to  repair  a  defect  found  at  each  level 
may  be  input.  The  default  repair  costs  are  $45  at  level  1,  $300 
at  level  2,  and  $990  at  level  3. 

Total  costs  at  each  level  are  given  by  the  linear 
equation; 


Ci- 


CTi  +  V 


(4-4) 


where  » 


Total  cost  at  level  i 
Test  cost  at  level  i 

Number  of  latent  defects  precipitated  (fallout)  at 
level  i 


C  *  Cost  to  repair  at  level  i  (one  repair  per  defect) 

K 


Workmanship  defects  introduced  at  each  assembly  level 
( ADEF  (i),  i»l,  2,  3))  are  entered  as  a  fraction  of  the  number  of 
parts . 


If  the  SSM  is  being  used  to  analyze  fallout  data  this  data 
can  be  entered  for  each  screening  level .  The  model  examines  the 
number  of  defects  detected  at  each  level  to  determine  if  it  is 
consistent  with  the  expected  number.  Parts  and  workmanship  fall¬ 
out  can  be  analyzed  separately  at  each  level  or  a  total  can  be 
used . 


A  probability  value  (PER)  can  be  entered  to  change  the 
0.99  probability  interval  about  expected  fallout  automatically 
assumed  by  the  model.  A  smaller  probability  yields  a  narrower 
interval.  That  is,  if  the  expected  mean  is  the  true  mean,  the 
band  which  contains  80%  of  the  actual  fallout  is  narrower  than 
the  band  which  contains  99%.  It  is  suggested  that  the  probabil¬ 
ity  interval  not  be  made  too  narrow  (PER  not  less  than  .80).  An 
overly  narrow  interval  may  frequently  result  in  instructions  to 
change  the  screen  when  a  change  is  not  required.  If  the  planned 
mean  is  the  true  mean,  then  (1-PER)  is  the  fraction  of  the  time 
actual  fallout  will  still  be  outside  the  interval.  That  is, 
(1-PER)  of  the  time  instructions  will  be  given  to  change  the 
screen  even  though  no  change  is  needed. 


4.1.6  Determining  the  Initial  Fraction  Latent  Defectives.  An 
incoming  lot  of  parts  contains  three  subpopulations,  viz., 

o  parts  that  are  "good",  i.e.,  free  of  defects  and  are 
expected  to  survive  the  useful  life  of  the  end  item  of 
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which  they  are  a  part,  given  that  they  are  not 
subjected  to  stress  beyond  their  ratings, 

•  parts  that  are  “bad",  i.e.,  containing  a  patent  defect 
which  precludes  them  from  achieving  their  specified 
performance,  and, 

•  parts  that  are  "marginal",  i.e.,  containing  a  latent 
defect  which  when  initially  tested  appear  to  be  "good" 
parts  but  when  subjected  to  normal  operating  stresses 
and  time  will  transform  to  "bad"  parts. 

If  an  electrical  test  is  performed  on  a  received  lot  of 
parts,  the  fallout  from  the  test  is  expected  to  be  all  or  most  of 
the  "bad"  parts.  The  "marginal"  parts  are  not  expected  to  fail 
unless  the  operating  stresses  applied  during  the  test  and  the 
test  duration  are  sufficient  to  transform  the  "marginal"  part  to 
a  "bad"  part. 

There  is  expected  to  be  a  good  correlation  between  the 
quality  grade  of  parts  used  and  the  initial  quantity  of  "bad"  and 
“maryinal"  parts.  That  is,  higher  quality  grade  parts  are  expec¬ 
ted  to  have  fewer  "bad"  and  "marginal"  parts.  This  is  par¬ 
ticularly  true  for  microcircuits  because  the  processing  and  final 
test  and  inspection  requirements  on  the  part  supplier  increase  in 
severity  for  increasing  quality  grades,  which  serves  to  reduce 
the  quantity  of  marginal  parts  and  preclude  delivery  of  bad 
parts . 


Table  4.3,  Initial  Fraction  Latent  Defective  Parts,  is  in¬ 
tended  to  provide  the  user  with  default  values  in  those  cases 
where  better  information  is  not  available.  The  table  contains 
values  for  type  of  equipment  and  quality  level.  The  type  of 
equipment  is  characterized  by  percentage  of  microcircuits, 

number  of  microcircuits  x  100 
total  number  of  parts 

Quality  levels  range  from  1  to  8  and  indicate  the  general  quality 
grade  of  the  equipment  in  terms  of  the  various  microcircuit,  dis¬ 
crete  semiconductor  and  passive  part  quality  grades.  The  table 
values  are  derived  through  direct  application  of  the  values 
of  MIL-HDBK-217C,  Notice  1,  for  a  typical  part  mix. 

Table  4.4  provides  a  sampling  of  generic  equipment  types 
of  recent  vintage  to  aid  the  user  in  estimating  the  percentage  of 
microcircuits  that  an  equipment  or  system  might  contain  if  it  can 
be  related  to  one  of  the  generic  equipments. 
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TABLE  4.3  INITIAL  FRACTION  LATENT  DEFECTIVE  PARTS 


Part  Type  n  ..  _ , _ Quality  Grades 


Microcircuits 

S 

B 

B-l 

B-2 

C 

C-l 

JTXV 

JTX 

Mixed 

JAN /JTX 

JAN 

Passives 

S 

R 

P 

M/P 

M 

wasm 

L 

Com'l 

Level 

1 

2 

3 

4 

5 

6 

7 

8 

Percent 

Microcircuits 

100 

.00086 

.00173 

.00520 

.01120 

.01378 

.02240 

.03015 

.06030 

90 

.00101 

.00229 

.00683 

.01427 

.01935 

.03442 

.04871 

.09084 

80 

.00116 

.00284 

.00846 

.01735 

.02492 

.04644 

.06726 

.12138 

70 

.00130 

.00340 

.01009 

.02042 

.03048 

.05846 

.08582 

.15192 

60 

.00145 

.00395 

.01172 

.02349 

.03605 

.07048 

.10437 

.18246 

50 

.00160 

.00451 

.01335 

.02657 

.04162 

.08250 

.12293 

.21300 

40 

.00175 

.00506 

.01498 

.02964 

.04719 

.14148 

.24354 

30 

.00190 

.00562 

.01661 

.03271 

.05276 

.16044 

.27408 

20 

.00204 

.00617 

.01824 

.03578 

.05832 

.11856 

.17859 

.30462 

10 

.00219 

.00673 

.01987 

.03886 

.06389 

.13058 

.19715 

.33516 

0 

.00234 

.00728 

.02150 

.04193 

.06946 

.14260 

.21570 

.36570 

4 . 2  Using  the  Model. 

4.2.1  General  Instructions  for  User.  The  Stress  Screening 
Model  consists  of  three  programs  designed  to  run  interactively  on 
a  terminal. 

NOTICE:  The  third  program,  "Adapt",  must  be  link-edited  to 

the  single  precision  IMSL  library  in  order  to  run 
in  its  present  form.  See  Step  5  of  Section  4.2.2. 

If  a  user  has  access  to  the  IBM  370  TSO  system  (or  equivalent) 
refer  to  paragraph  4.2.2.  If  not,  the  following  general  instruc¬ 
tions  describe  the  use  of  the  Stress  Screening  Model. 
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SUBMARINE  INTERFACE  UNIT 


The  three  FORTRAN  IV  programs  (PREFIX,  SDOl,  and  ADAPT) 
comprise  the  SSM  and  together  require  nine  working  data  sets  for 
operation.  These  data  seta  should  be  "card  image"  (i.e.,  record 
length  of  GO  characters)  with  appropriate  blocking  (consult  your 
installation  requirements)  and  should  be  assigned  FORTRAN  IV  data 
set  reference  numbers  2,  4,  8,  9,  10,  11,  12,  13,  and  17.  While 
the  names  assigned  to  these  data  sets  are  irrelevant  to  the 
operation  of  the  programs,  the  naming  conventions  used  in  para¬ 
graph  4.2.2  are  recommended.  They  are  consistent  with  the  data 
sets  in  a  previous  version  of  the  SSM  (RADC-TR-78-55) . 

The  next  step  is  to  assemble  the  required  input  data  using 
Table  4.1  as  a  guide.  Having  allocated  the  working  data  sets, 
the  next  step  is  to  run  the  programs  PREFIX,  SDOl,  and  ADAPT,  in 
that  order.  The  programs  will  prompt  the  user  for  all  input  data 
which  has  been  assembled. 

4.2.2  IBM  370  TSO  User  Instructions.  Figure  4.2  is  a  simplified 
flow  diagram  of  the  SSM.  The  following  instructions  describe  the 
five  steps  necessary  for  initial  use  of  the  SSM. 

Step  1 .  Using  the  program  listings  in  Appendix  F,  create 
PREFIX • SDO . LOAD,  SDOl. LOAD,  and  ADAPT. LOAD.  Recall  that 
ADAPT. OBJ  should  be  link-edited  to  the  single  precision  IMSL 
library  when  forming  ADAPT. LOAD.  ADAPT. OBJ  is  the  object  program 
compiled  from  the  source  program  ADAPT. FORT. 

Step  2.  Create  the  empty  data  sets  PROGRM . DATA ,  PD. DATA,  F . DATA , 
R. DATA,  AB . DATA ,  LIMITS. DATA,  OPS. DATA,  FT I ME . DATA,  and 
ADAPT. DATA.  The  user  is  not  required  to  enter  data  directly  into 
these  files.  All  data  is  entered  interactively.  The  data  files 
are  reused  each  time  the  model  is  executed.  Thus,  once  they  are 
created,  they  may  be  ignored  by  the  user.  They  are  only  used  to 
transfer  data  from  one  program  to  the  next. 

Step  3 .  Assemble  required  data.  Using  Table  4.1  as  a  guide, 
determine  user-unique  values,  default  values,  etc.  Also  see  the 
examples  which  follow. 

Step  4.  Execute  the  CLI3T: 


000010  FREEALL 


000012  ALLOC 
000020  ALLOC 
000030  ALLOC 
000040  ALLOC 
000050  ALLOC 
000060  ALLOC 
000070  ALLOC 
000080  ALLOC 
000085  ALLOC 


FI (FT02F001 ) 
FI ( FT04F001 ) 
FI ( FT11F001 ) 
FI (FT08F001 ) 
FI ( FT09F001 ) 
FI ( FT10F001 ) 
FI ( FT12F001 ) 
FI (FT13F001 ) 
FI (FT17F001 ) 


DA (ADAPT. DATA) 
DA(  PROGRM.  DATA) 
DA (PD. DATA) 

DA ( F . DATA ) 

DA  (  R .  DATA ) 

DA (AB. DATA) 

DA (LIMITS. DATA) 
DA (OPS. DATA) 
DA(FTIME.DATA) 
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Figure  4.2.  Flow  Diagram  of  the  Stress  Screening  Model 


76 


000090  CALL  PREFIX . SDO . LOAD ( TEMPNAME ) 
000100  CALL  SDOl. LOAD (TEMPNAME) 

000105  CALL  ADAPT. LOAD (TEMPNAME) 
000110  END 


Step  5 .  Enter  data  as  prompted.  Once  data  is  input,  the  op¬ 
timization  and  flow  chart  output  will  be  printed  without  further 
action  from  the  user.  If  there  is  actual  fallout  data  to  be 
analyzed,  the  user  will  be  prompted.  If  equivalent  screens  are 
to  be  found,  the  parameters  will  be  called  for. 

For  subsequent  use,  only  steps  3,  4,  and  5  will  be  neces¬ 
sary  for  use  of  the  model  since  the  load  modules  and  data  sets 
are  on  file.  The  examples  which  follow  illustrate  some  of  the 
possible  options. 

Two  proprietary  routines  are  used  in  the  model.  If  IMSL 
is  not  already  available  the  user  may  wish  to  contact 

International  Mathematical  and  Statistical 
Libraries,  Inc. 

Sixth  Floor  -  NBC  Building 

7500  Bellaire  Boulevard 

Houston,  Texas  77036 

Telephone  (713)  772-1927 

Telex  79-1923  IMSL  INC  HOU. 

The  IMSL  routine  MDCH  is  used  in  the  computation  of  the 
bounds  for  actual  fallout  in  this  program.  As  stated  previously 
ADAPT. OBJ  needs  to  be  link-edited  to  the  single  precision  IMSL 
library  in  order  to  run  in  its  present  form. 

The  use  of  MDCH  is  as  follows: 

CALL  MDCH ( CS ,  DF,  P,  IER) 

where 

CS  =  input  value  for  which  the  probability  is  computed. 
CS  must  be  greater  than  or  equal  to  zero. 

DF  s*  input  value  containing  number  of  degrees  of  freedom 
of  the  chi-squared  distribution.  DF  must  be  greater 
than  or  equal  to  .5  and  less  than  or  equal  to 
200,000. 

P  =  output  value  containing  probability. 

IER  =  error  parameter.  Terminal  error  =  128  +  N.  N*»l 

indicates  that  CS  or  DF  was  specified  incorrectly. 
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Warning  error  *  32  +  II.  N-2  indicates  that  the 

normal  PDF  would  have  produce*?  an  underflow. 

MDCH  computes  the  probability  P  that  a  random  variable  X 
which  follows  the  chi-squared  distribution  with  continuous  param¬ 
eter  DF,  is  less  than  or  equal  to  CS. 

Any  chi-squared  routine  with  similar  input  and  output 
parameters  could  be  substituted  if  access  to  the  IMSL  library  is 
not  available. 

The  two  lines  - 

CALL  MDCH  (XI , B{ I ) , P, IER)  BOUN  300 

CALL  MDCH  (XI, Bl, PI , IER)  BOUN  360 

found  in  ADAPT. FORT  would  be  the  only  program  lines  chang¬ 
ed  if  a  different  library  routine  is  used. 

A  Hewton-Raphson  root-finding  technique  is  used  to  obtain 
the  degrees  of  freedom  since  no  available  routine  could  do  that 
directly. 

The  IMSL  Routine  ZXSSQ  is  used  for  the  least  squares  fit 
of  failure  times  to  the  CDE  model.  Parameters  a^  and  °*  the 
CDE  model  are  estimated.  Fairly  extensive  rewriting  will  be 
necessary  if  a  different  curve-fitting  routine  is  to  be  used. 
However,  if  times  to  failure  for  level  III  are  not  to  be 
analyzed,  ZXSSQ  is  not  needed.  The  line  calling  ZXSSQ  (OPT  200 
in  ADAPT)  may  be  removed  in  this  case. 
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4.3 

4.3.1 

4. 3. 1.1 


ales  of  SSM  Use 


Planning  a  Stress  Screening  Program  to  Achieve  a  Certain 
MTBF,  without  Pre-established  Screens".  The  user  in  this 
example  specifies  an  MTBF  of  1200  hours  and  selects  the 
model  default  screens  at  the  assembly,  unit  and  system 
levels.  The  least  cost  Thermal  cycling  screen  at  the 
assembly  level  and  random  vibration  screen  at  the  unit 
level  to  achieve  the  desired  MTBF  is  determined  by  the 
SSM.  A  screen  at  the  system  level  is  determined  not 
necessary  to  achieve  the  1200  hour  MTBF  value. 


********  SELECTION  OF  PROGRAM  INPUTS  AND  OPTIONS  ******** 

IF  THE  MODEL  DEFAULT  IS  DESIRED,  ENTER  ZERO: 

OPTION  A  FINDS  OPTIMAL  TEST  SEQUENCE  TO  ACHEIVE  A  GIVE*  PRODUCT 
RELIABILITY  REQUIREMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  GIVEN  A  FIXED  COST 
OPTION  C  COMPUTES  TEST  STRENGTHS  OF  EXISTING  SCREENS 


DESIRED  SERIES  MTIF  OF  NEU  SYSTEM  (OPTION  A  ONLY, FOR  OPTIONS  B  OR  C 
ENTER  ZERO) 

V 

1200 

TOTAL  PART  POPULATIONS  DEFAULT  AVAILABLE) 

5000 

FAILURE  RATES  OF  GOOD  PARTS;  SOOD  CONNECTION3= 

? 

0  0 

PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

?  ’ 

0 


TEST  AMD  PARAMETER  SELECTION' 


FOLLOUING  ARE  THE  AVAILAILE  SCREENS  t 

1.  CONSTANT  TEMPERATURE 

2.  CYCLES  TEMPERATURE 

3.  RANDOM  VI IR AT  ION 

4.  SINE  SWEEP  "IIRATIOM 

5.  SINE  FIXES  VIIRATION 


DEFAULTS  ARE: 
LEVEL  1 
TEMP.  CYCLING 
(2) 


LEVEL  2  LEVEL  3 

RAN. VIS  CONST.  TEMP. 

|3>  (1) 


IF  YOU  UISH  DEFAULT  SCREENS  ENTER  ZERO,  IF  NOT,  ENTER  It 


**«*t***lEVEl  I 


TENPERATURE  CYCLING,  LEVEL  1 
THE  DEFAULT  VALUES  ARE: 

LOWER  TEHM-54  DE6  C 

UPPER  TEMP=71  DEG  C 

TENP.  IATE  OF  CHANGE=5  DE6  C/AIN 

RANGE  OF  CYCLES  TO  BE  INVESTISATEMO  TO  20 

IF  YOU  WISH  THE  DEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  1: 


ENTER  THE  FOLLOWING  MANUFACTURING  PROCESS  DATA,  LEVEL  t 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITER,  ENTER  ZERO: 

FIXED  TEST  COST  IN  DOLLARS3 

7 

0 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR3 

7 

0 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  THIS  LEVEL 

7 

0 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS3 

7 

0 


•  4MMMLEVEL  2M4MM* 


RANDOM  VIBRATION,  LEVEL  2 
THE  DEFAULT  VALUES  ARE j 
l-L£VEL*A  6 

RAROE  flF  TINE  TO  IE  INVEST 1GATED>«  TO  10  RIN. 

IF  YOU  U1SH  THE  DEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  1i 


ENTER  THE  FOLLOUIRO  NANUFACTURING  PROCESS  BATA,  LEVEL  2 
IF  HOIEL  IEFAULTS  ARE  DESIRED  FOR  ANY  ITEN,  ENTER  ZEROt 
FIXED  TEST  COST  IR  DOLLARS* 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  THIS  LEVEL* 

ASSEMBLY  IEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS* 


*4t**4**LEVEL  34***444* 


CONSTANT  TEMPERATURE,  LEVEL  3 
THE  DEFAULT  VALUES  ARE: 

TEMPERATURES  DE8  C 

TINE  RAN6E  TO  BE  INVESTIGATED^  TO  48  HOURS 

IF  YOU  UISH  THE  DEFAULT  VALUES,  ENTER  ZERO,  IF  NOT, ENTER  It 


ENTER  THE  FOLLOWING  MANUFACTURING  PROCESS  DATA,  LEVEL  3 
IF  NOBEL  IEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROt 
FIXED  TEST  COST  IN  DOLLARS2 

7 

0 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR2 

7 

0 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  THIS  LEVEL 

7 

0 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS2 

9 


IF  YOU  UISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  NOT,  ENTER  ZERO: 

7 

\ 


PROSRAM  DATA 


MPARTS  LEVELS  (PDEF  X  (PARTS)  CREOD  HTBF 


5000 


0.0 


1200. 


ASSEMBLY  DATA 


ASSEMBLY  LEVEL  EXPECTED  NUMBER  OF  ASSEMBLY  DEFECTS 


1 

2 

3 


10. 

3. 

3. 


REBORK  COST 


LEVEL 

1 

03 

LEVEL 

2 

300 

LEVEL 

3 

990 

TEST  JESCIIMIOI 
PARAMETER  VALUE 


TEST  SEQUENCE 

TYPE 

NO.  t 

NO.  2 

NO.  3 

NO.  4 

TOTAL  COST(O) 

LEVEL  NO.  1 

# 

450. 

TEST  NO. 

2 

CYT 

71.00 

-54.00 

5.00 

5.00 

430. 

LEVEL  NO.  2 

1955. 

TEST  NO. 

3 

RVIB 

0.00 

7.50 

0.0 

0.0 

1955. 

LEVEL  NO.  3 

0. 

TEST  NO. 

1 

CT 

0.0 

0.0 

0.0 

0.0 

0. 

TOTAL  COST 


2404. 


INSTANTANEOUS  NTBF  FOR  RENAINII6 
FLAUS  AT  ENS  OF  SCREENING 


UORKNANSHIP 


PARTS  ! 

5. 

4. 

7. 

8. 

9. 

10. 

11. 

0.  : 

1954. 

1955. 

1955. 

1955. 

1954. 

1954. 

1954. 

o.  : 

1954. 

1955. 

1955. 

1955. 

1954. 

1954. 

1934. 

i.  : 

1584. 

1584. 

1584. 

1584. 

1585. 

1585. 

1515. 

2.  : 

1204. 

1204. 

1204. 

1204. 

1204. 

1204. 

1204. 

3.  : 

971. 

971. 

971. 

970. 

970. 

970. 

970. 

4.  ; 

813. 

813. 

813. 

813. 

813. 

813. 

813. 

5.  ! 

499. 

499. 

499. 

499. 

499. 

499. 

499. 

IF  YOU  WISH  A  .99  PROBABILITY  INTERVAL,  ENTER  ZERO 

IF  YOU  WISH  TO  ENTER  A  SMALLER  PROBABILITY  (FOR  A  NARROWER  INTERVAL) 

ENTER  ONE: 

7 

1 

ENTER  PROBABILITY  DESIRED: 
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STRESS  SCREENING  FLOU  DIAIRAN 


S  INCOMING  i 

!  LEVEL  1  ! 

:  LEVEL  2 

:  LEVEL  3  : 

OUTGO INS  : 

i  VARTSl  : 

SAIEF-  : 

SADEF* 

SADEF*  i 

KF  P  REHl ' 

:  SOM! 

!  io.: 

:  s. 

!  3.! 

2.: 

1 

1 

— >: 

-> 

• 

0 

S IBEFECTSl  i 

:ts«  : 

5TS* 

:ts>  : 

IEF  1  REHl ! 

i  S.i 

:  0.403: 

:  0.446 

:  o.o  : 

8.: 

1  • 

c  • 

:  : 

1 

1  0 

1  0 

i 

i 

1  • 

•  1 

:ief  passed: 

:def  passed 

iDEF  PASSED! 

ITBFi  : 

•  1 

•  I 

:  v.: 

i  7 . 

:  io. : 

1204.! 

«  • 

i  • 

•  • 

} 

: 

• 

1 

s 

t 

• 

V 

1 

0 

1 

« 

V 

A 

• 

0 

• 

I 

i 

1  1 

EXPECTED  : 

EXPECTED 

:  :  EXPECTED 

FALLOUT t  : 

« 

FALLOITi 

i  :  FALLOUT! 

II 

» 

PRT  URN  TOTi 

1  » 

PRT  URN  TOT!  :  PRT  URN  TOT. 

2.  4.  o.: 

1.  6.  7 

.:  :  o.  o.  o. 

f 

»  •  i 

0  •  A 

UPPR  IND  FOR! 

UPPR  IND  FOR!  iUPPR  IND  FOR 

OIS  FALLOUT!,' 

OBS  FALLOUTi!  !OBS  FALLOUT i 
•  1 

3.  8.  10.! 

• 

3.  9.  11 

.:  :  o.  o.  o. 

i  i 

LOUR  INI  FOR! 

*  1 

LOUR  IND  FOR!  ,’LOUR  IND  FOR 

OIS  FALLOUTi ! 

OIS  FALLOUTi!  JOBS  FALLOUT t 

•  4 

« 

o.  t.  2.: 

i 

i 

CM 

■ 

CM 

• 

O 

i  » 

.:  :  o.  o.  o. 

i  i 
i  i 
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INTERVAL  HT1F 


TIME 

1 

1 

ITIF 

2000. 

1 

1 

1210 

4000. 

1 

1 

1233 

0000. 

1 

1 

124  7 

8000. 

1 

1 

1201 

10000. 

0 

1 

1275 

12000. 

1 

1 

1288 

14000. 

1 

t 

1302 

10000. 

1 

1314 

18000. 

1 

« 

1327 

20000. 

1 

1 

1339 

IF  YOU  HAVE  FALLOUT  DATA  ENTER  1,  IF  NOT  ENTER  ZEROt 


1 

IF  YOU  HAVE  SEPARATE  FALLOUT  FOR  FARTS  AND  UQRKHANSHIP  ENTER  ONE 
IF  YOU  HAVE  TOTAL  FALLOUT  ONLY  AT  EACH  LEVEL,  ENTER  ZERO: 


ENTER,  IN  ORDER,  ACTUAL  FALLOUT: 

DUE  TO  (A)  PARTS  <B)  WORKMANSHIP,  AS  PROMPTED: 
FOR  LEVEL  1: 

i 

1  0 

FOR  LEVEL  2: 

1  4 

FOR  LEVEL  3: 

? 

0  0 
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STIESS  SCREEN I 16  RESULTIl 


:  incoming  :  :  level  i 


:  LEVEL  2 


J  LEVEL  3 


QUTIOIMS  : 


:  If ARTS:  i 

ADEF* 

ADEF*  ! 

!  ADEF*  ! 

!IEF  P  REM:! 

:  sooo: 

10. 

5.: 

:  3.: 

:  3.: 

:  :— > 

— > 

•  »_.%»  0 

!  IIEFECTS:  i 

TS* 

TS* 

TS* 

!D£F  U  REN:! 

:  3.! 

t  A 

0.007 

0.460! 

1 

o.o  : 

• 

:  io.: 

«  1 

1  0 

•  1 

•  1 

DEF  PASSED 

DEF  PASSED! 

DEF  PASSED! 

!NTBF: 

•  t 

1  » 

•  1 

1  0 

14. 

to.: 

1 

1 

13.2 

f 

A 

|  —  — 

! 

I 

i  «o 

I  o 

j  • 

• 

1 

t 

l 

V 

» 

• 

1 

• 

V 

A 

1 

A 

• 

V 

EXPECTED 

1  » 

1  1 

1  1 
»  • 

•  1 
«  • 

EXPECTED  :  : 

EXPECTED 

FALLOUT: 

1  1 
•  1 

•  I 

FALLOUT :  !  ! 

1  1 

FALLOUT: 

«  • 

PRT  UKH  tot:  : 

•  • 

PRT  UKI  TOT!  ! 

PRT  UKH  TOT 

0.  1.  1 

1  1 
•  1  < 

2.  7.  9. :  : 

0.  0.  0. 

juppr  ind  for: 

IONS  FALLOUT: ! 

I 

0.  3.  3.: 

I 
I 

HOUR  IND  for: 
:0is  FALLOUT: : 


:uppi  ini  for: 

SOBS  FALLOUT:! 

I 

5.  ii.  H.: 

I 

HOUR  INI  FOR! 
!OIS  FALLOUT:! 


!UPPR  IND  FOR! 
!OIS  FALLOUT:! 

0.  0.  O.i 

I 

HOUR  IND  FOR! 
! OBS  FALLOUT:! 


o.  o.  o.: 


0.  3.  4.:  !  0.  0.  0.! 


INCREASE  NUMBER  OF  CYCLES  ON  LEVEL  1  TO  40.00 
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4 . 3 . 1 . 2  Planning  a  Stress  Screen  Program  to  Achieve  a  Certain  NfTBF, 
with  Pre-established  Screens.  In  this  example  the  user  is 
constrained  to  apply  a  pre-established  screen  (perhaps  re¬ 
quired  by  contract)  at  the  Unit  level.  The  SSM  determines 
the  minimum  number  of  thermal  cycles  necessary  to  achieve 
the  desired  MTBF. 


********  SELECTION  OF  PROGRAM  INPUTS  AND  OPTIONS  ******** 

IF  THE  MODEL  DEFAULT  IS  DESIRED,  ENTER  ZEROi 

OPTION  A  FINDS  OPTIMAL  TEST  SEQUENCE  TO  ACHEIfE  A  GIVEN  PRODUCT 
RELIABILITY  REQUIREMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  6IVEN  t  FIXED  COST 
OPTION  C  CONFUTES  TEST  STRENGTHS  OF  EXISTING  SCREENS 


IESIREI  SERIES  NT IF  OF  NEU  SYSTEM  (OPTION  A  ONLY, FOR  OPTIONS  B  OR  £ 
ENTER  ZERO) 

7 

900 

TOTAL  PART  POPULATIONS  IEFAULT  AVAILABLE) 

7 

5000 

FAILURE  RATES  OF  SOOD  PARTS;  SOOD  CONNECTIONS* 

7 

0  0 

PART  OUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

7 

0 
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IF  IOU  NISH  ANOTHER  EIU I VALENCY  ENTER  ONE,  IF  NOT,  ENTER  ZEROl 
y 

i 

FOLLOWING  ARE  THE  SCREEN  EQUATIONI  AVAILAILEi 

1.  CONSTANT  TENPERATURE 

2.  TENPERATURE  CTCL1N6 

3.  RANDOM  VIIRATION 

4.  SINE  SNEEP  VIIRATION 

5.  SINE  FIXES  VIIRATION 


ENTER  NUHIER  FROM  AIOVE  LIST  CORRESPOIDINI  TO  6IVEN  SCREEN! 

7 

3 

ENTER  NVNIER  FRON  AIOVE  LIST  CORRESPONDS  TO  IESIRED  SCREEN! 

7 

4 

ENTER  PARANETERS  FOR  IIVEN  SCREENi 
ENTER  6  LEVEL  AND  TINE  IN  NINUTES 

7 

6  7.5 

ENTER  PARANETERS  FOR  IESIRED  SCREEN; 

ENTER  ZERO  FOR  PARAMETER  TO  IE  FlUNDi 

ENTER  6  LEVEL  AND  TIME  IN  MINUTES 

7 

0  AO 

TEST  STRER6TH  FOR  GIVEN  SCREEN3  0.4451 


PARAMETER  FOR  DESIRED  VIDRAT10N  SCREEN3  S.8 


IF  YOU  UISH  ANOTHER  EQUIVALENCY  ENTER  ONE,  IF  NOT,  ENTER  ZEROl 

7 

0 


IF  YOU  HAVE  TIMES  TO  FAILURE  FOR  LEVEL  III  ENTER  1, 
IF  NOT,  ENTER  ZEROl 

7 

0 

REAIY 
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**«*»*t*LEVEL  2******** 


TEIPERATURE  CTCLIRG,  LEVEL  2 
THE  DEFAULT  VALUES  ARE « 

LOVER  TEHP*-54  DES  C 

UPPER  T£HP=71  DEG  C 

TEMP.  RATE  OF  CHARGE=5  DES  C/RIN 

RAIGE  OF  CYCLES  TO  BE  INVEST ISATE1-0  TO  20 

IF  YOU  WISH  THE  IEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  tt 


ENTER,  IN  ORDER,  SEPARATES  BY  COHHAS  OR  SPACES! 

UPPER  TEMP., LOVER  TEMP., TEMP.  RATE  OF  CHANGE,  NO.  OF  CTCLESl 
(TEMPERATURE  RANGE  MUST  BE  UITHIN  -SS  TO  +75  DEG  C 
AND  RATE  OF  CHANGE  BETHEEN  1  AID  20  DES  C/RIN) 

40  5  24 

ENTER  THE  FOLLOWING  MANUFACTURING  PROCESS  DATA,  LEVEL  2 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITER,  ENTER  ZERO! 

FIXED  TEST  COST  II  DOLLARS* 

7 

10000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

0 

AVERASE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  TIIS  LEVEL* 

7 

0 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS* 

7 

.002 
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TEST  AND  PARAMETER  SELECTION******** 


FOLLOMINC  ARE  THE  AVAILABLE  SCREENS  I 

1.  CONSTANT  TEMPERATURE 

2.  CTCLEI  TEMPERATURE 

3.  RANDOM  V I IRA T I ON 

4.  SINE  SHEEP  VIIRATION 
3.  SINE  FI1EI  VIIRATION 


DEFAULTS  ARE: 
LEVEL  1 
TEMP.  CYCLIN3 
(2) 


LEVEL  2  LEVEL  3 

RAN.VIB  CONST.  TEMP. 

<3)  (1) 


IF  YOU  UISH  DEFAULT  SCREENS  EITER  ZERO,  IF  NOT,  ENTER  I: 

7 

1 


ENTER  TOUR  SCREEN  SEQUENCE  AS  PROMPTED  USIN6  MURDERS  FROM  ABOVE  LISTINSi 
IF  YOU  DO  NOT  UISH  TO  SCREEN  AT  A  PARTICULAR  LEVEL,  ENTER  ZERO: 

FOR  LEVEL  t  THE  SCREEN  NUMBER  DESIRED  IS: 

7 

0 

FOt  LEVEL  2  THE  SCREEN  NUMBER  DESIRED  IS: 

7 

2 

FOI  LEVEL  3  THE  SCREEI  NUMBER  DESIRED  IS: 

7 

0 
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TEST 


TEST  SEBUENCE 


TTPE  NO. 


0  E  S  C  I  I  9  T  I  0  I 
PARAMETER  VALUE 

1  NO.  2  NO.  3  10.  4  TOTAL  COST(f) 


LEVEL  10.  t  I. 


TEST  NO. 
LEVEL  NO.  2 

1 

0.0 

0.0 

0.0 

0.0 

0. 

12071. 

TEST  NO. 
LEVEL  NO.  3 

2  CYT 

75.00 

-40.00 

5.00 

A.OO 

12071. 

0. 

TEST  NO. 

1 

0.0 

0.0 

0.0 

0.0 

0. 

TOTAL  COST 


12071 . 


INSTANTANEOUS  NTIF  FOR  REMAINING 
FLAUS  AT  END  OF  SCREENING 


WORKMANSHIP 


PARTS 

3. 

4. 

5. 

6. 

7. 

8. 

9 

0. 

1957. 

1954. 

1954. 

1935. 

1955. 

1955. 

1954 

1. 

1434. 

1436. 

1435. 

1435. 

1435. 

1435. 

1435 

2. 

1116. 

1115. 

1115. 

1115. 

1115. 

1115. 

1115 

3. 

912. 

912. 

912. 

912. 

912. 

912. 

912 

4. 

771. 

771. 

771. 

771. 

771. 

771. 

771 

5. 

668. 

668. 

668. 

468. 

668. 

668. 

668 

6. 

590. 

590. 

510. 

590. 

589. 

589. 

589 
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f 

1 


IF  TOD  UISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  IOTr  ENTER  ZEROt 


PROORAM  DATA 

NPARtS  LEVELS  <PDEF”x~NPARTS) . CREQD . AT  IF 


5000 


3.  1.0 


too. 


ASSEMBLY  DATA 


ASSEMBLY  LEVEL  EXPECTED  NUMBER  OF  ASSEMBLY  DEFECTS 


1 

2 

3 


0. 

10. 

0. 


IEIORK  COST 


LEVEL 

1 

43 

LEVEL 

2 

300 

LEVEL 

3 

990 

94 


INTERVAL  ITIF 

TIIE 

HTBF 

2000. 

944. 

4000. 

♦70. 

4000. 

1007. 

>010. 

1037. 

10000. 

1000. 

12000. 

1094. 

14000. 

1122. 

10000. 

1148. 

18000. 

1174. 

20000. 

1199. 

IF  TOU  HAVE  FALLQBT  DATA  ENTER  1f  IF  HOT  EITER  ZERO: 


IF  YOU  UISI  TO  ANALYZE  EQUIVALENT  SCREENS  ENTER  ONE 
IF  NOT  ENTER  ZERO: 

0 

REIDT 
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IF  YO#  UISH  A  .99  PROBABILITY  INTERVAL,  ENTER  ZERO 

IF  YOU  UISH  TO  ENTER  A  SMALLER  PLIABILITY  (FOR  A  IARI0UER  INTERVAL) 

ENTER  ONEi 


STRESS  SCREENIN6  FLOU  IIASRAN 


i  INCOMING  ! 

LEVEL  1 

LEVEL  2 

LEVEL  3 

:  OUTIOINI 

! IPARTSi 

ADEF* 

ADEF* 

ADEF= 

: OEF  P  RENt 

:  3000 

0. 

10. 

1. 

:  3. 

— > 

— > 

— > 

•'  IBEFECTSt 

TSs 

TS* 

TS« 

! DEF  •  RENt 

:  s. 

0.0 

0.413 

M 

:  A. 

: 

! NTIF  t 

OEF  PASSED 

DEF  PASSED 

IEF  FASSED 

3. 

9. 

9. 

!  912. 

• 

• 

• 

1 

1 

« 

V 

• 

• 

1 

« 

9 

i 

• 

• 

i 

» 

• 

EXPECTED  ! 

1 

!  EXPECTED 

i 

!  EXPECTED 

FALLOIT i  ! 

!  FALLO'JTi 

:  FALLOUTi 

J 

:  PRT  UKN  TOT 

PRT  UKN  TIT! 

!  PRT  IIKR  TOT 

0.  0.  I.J 

1 

UPPR  BND  FOR! 

:  2.  A.  6. 

:  o.  o.  o. 

• 

t 

• UPPR  INI  FOR 

! UPPR  INI  FOR 

OBS  FALLOUT i ! 

1 

!OBS  f ALLIUT i 

1 

tOIS  FILLOITi 

• 

o.  o.  o.: 

i 

1 

:  7.  ii.  14. 

» 

:  o.  o.  o. 

i 

LOUR  BND  FOR! 

1 

:lour  bno  for 

•  i 

.'LOUR  BID  FOR! 

OBS  FALLOUTi ■ 

iOlS  FALLOUTi 

.’OBS  FALLOUTi ! 

1 

1 

! 

: 

o.  i. 

i 

9 

:  o.  o.  o. 

t 

i 

:  o.  o.  o. : 

• 

1 
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*4«4M**TEST  and  parameter  selection******** 


FOLLOW IN6  ARE  THE  AVAILAILE  SCREENS  t 

t.  CONSTANT  TEMPERATURE 

2.  CYCLED  TEMPERATURE 

3.  RANDOM  VIIRATION 

4.  SINE  SWEEP  VIIRATION 

5.  SINE  FIXEI  VIIRATION 


DEFAULTS  ARE: 
LEVEL  f 
TEHP.  CYCLING 
(2) 


LEVEL  2  LEVEL  3 

RAN. VII  CONST.  TEMP. 

(3)  m 


IF  YOU  WISH  DEFAULT  SCREENS  ENTER  ZERO,  IF  NOT,  ENTER  U 

T 

0 


99 


4 


.3.1.3  Planning  a  Stress  Screening  Program  to  Achieve  a  Certain 

MTBF,  No  Solution^  In  this  example,  the  desired  MTBF  can¬ 
not  be  achieved  by  stress  screening  alone.  The  SSM  de¬ 
termines  that  maximum  strength  screens  will  not  precipi¬ 
tate  enough  latent  defects  to  achieve  the  desired  MTBF. 
Other  measures  are  required,  such  as  reducing  the  incoming 
part  fraction  defective  (by  using  higher  quality  grade 
parts  or  performing  incoming  receiving  screening)  or  by 
reducing  the  workmanship  defects  induced  at  one  or  more 
stages.  The  SSM  prints  out  the  best  possible  solution 
for  the  conditions  given. 


********  SELECTION  OF  PROGRAM  INPOTS  AN I  OPTIONS  ***** 

IF  THE  NOIEL  OEFAOLT  IS  DESIRED,  ENTER  ZEROt 

OPTION  A  FINDS  OPTIMAL  TEST  SEQUE1CE  TO  ACHEIVE  A  GIVER  PRODUCT 
RELIAIILITY  REQUIREMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  8IVEM  A  FIXED  COST 
OPTION  C  COMPUTES  TEST  STRENGTHS  OF  EXISTING  SCREENS 


DESIRED  SERIES  MTIF  OF  NEU  SYSTEM  (OPTION  A  ONLY.FRR  OPTIONS  B  OR  C 
ENTER  ZERO) 

7 

1300 

TOTAL  PART  POPULATIONS  OEFAOLT  AVAILAILE) 

7 

8000 

FAILURE  RATES  OF  ROOD  PARTS;  ROOD  CONNECTIONS* 

? 

0  0 

PART  RUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

7 

0 
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**«*»**«LEVEL  2 


R ANION  VIIRATION,  LEVEL  2 
THE  IEFAULT  VALUES  NREt 
•-LEVEL*!  6 

RANGE  OF  TINE  TO  IE  1NVESTI6ATEI*#  TO  10  HIM. 

IF  YOU  UISN  THE  IEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  1i 


ENTER,  IN  ORDER,  SEPARATES  IY  COHNAS  OR  SPACES! 

6  LEVEL,  TINE  IN  NINt 

(G  LEVEL  RUST  BE  IETUEEN  .6  AND  7.5) 


ENTER  THE  FOLLOUIIG  MANUFACTURING  PROCESS  IATA,  LEVEL  2 
IF  MOIEL  IEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROi 


FIXED  TEST  COST  II  DOLLARS* 

7 

0 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

0 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  THIS  LEVEL* 

7 

0 

ASSEMILY  IEFECTS  AT  THIS  LEVEL  AS  A  FRACTIIN  OF  TOTAL  PARTS* 

7 

0 
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LEVEL  I 


TENPERATURE  CTCLII6,  LEVEL  1 

THE  DEFAULT  VALUES  ARE l 

LOVE!  TEHP-54  DEI  C 

8PFER  TEHP-71  DEG  C 

TEAR.  RATE  OF  CHANGE’S  DEI  C/NIN 

RANGE  IF  CYCLES  TO  BE  INVESTIGATES*!  TO  21 

IF  YOU  WISH  THE  IEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  It 

7 

0 

ENTER  THE  FOLL0UIN6  NANUFACTUIIRG  PROCESS  SATA,  LEVEL  I 
IF  HOIEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROt 
FIXED  TEST  COST  IN  DOLLARS* 

7 


VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

0 

AVERAGE  COST  IN  DILLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  TIIS  LEVEL* 

7 

0 

ASSEHILY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTIIN  IF  TOTAL  FARTS* 

7 

0 
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IF  YOU  UISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  NOT,  ENTER  ZEROt 

1 


PNOIRAM  DATA 

NPARTS 

LEVELS 

(PDEF  X  NPARTS)  CREOD 

MTBF 

8000 

3 

1.  0.0 

1300. 

ASSEMBLY  DATA 

ASSEMBLY  LEVEL 

EXPECTED  NUMBER  OF  ASSEMBLY  DEFECTS 

1 

IS. 

2 

8. 

3 

4. 

NEBORX  COST 

LEVEL 

1 

45 

LEVEL 

2 

300 

LEVEL 

3 

??0 

REQUIREMENT  CANNOT  BE  NET 
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•  *m***«L£VEI  !*•*•*•** 


CONSTANT  TEMPERATURE,  LEVEL  3 
THE  IEFAULT  VALUES  ARE ( 

TEMPERATURE»74  IE*  C 

THE  RANOE  TO  IE  INVESTIGATED^  Tl  48  HOURS 

IF  YOU  WISH  THE  DEFAULT  VALUES,  ENTER  ZERO,  IF  NOT, ENTER  1l 


ENTER,  II  ORDER,  SEPARATED  IY  C0NRA8  OR  SPACES! 

TEMP  IN  DEO  C,  TINE  IN  HRSi 
(TEIP  MUST  IE  LESS  THAN  +75  DEG  C> 

•t 

70  96 

ENTER  THE  FOLLOVIIG  NANUFACTUIING  PROCESS  IATA,  LEVEL  1 
IF  HODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEN,  ENTER  ZERO! 
FIXED  TEST  COST  IN  DOLLARS* 


VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

i 

0 

AVERAIE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  TNIS  LEVEL* 

? 

0 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  IF  TOTAL  PARTS- 

7 
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STRESS  SCREENING  FLOU  IIAIRAH 


!  INCOMING  i 

LEVEL  1  ! 

LEVEL  2 

LEVEL  3 

OUTIOIN6  ! 

!  BP  ARTS: 

ABEF>  ! 

ADEF* 

ADEF* 

DEF  P  REN:! 

!  SOOO! 

16. : 

S. 

4. 

1.! 

!  !--> 

: — > 

--> 

— > 

! IBEFECTSi  ! 

TS«  ! 

TS« 

TS3 

DEF  U  REM:! 

1  8.1 

•  1 

0.015! 

t 

0.083 

0.314 

0.! 

1  • 

1  0 

1  0 

OEF  PASSED! 

DEF  PASSED 

DEF  PASSED 

NTIF:  ! 

t  0 

»  • 

0  < 

9.S 

1 

f 

5. 

0. 

1051.! 

• 

1 

1 

• 

V 

• 

1 

• 

• 

V 

1 

• 

1 

< 

V 

:  EXPECTED  ; 
:  FALLOUT i  : 

:  PRT  UK I  TOT! 
!  4.  It.  15. i 

!UPPR  BAD  FOI! 
JOBS  FALLOUT:! 

!  11.  21.  20. i 

! LOUR  BID  FOI! 
JOBS  FALLOUT:! 

!  0.  2.  5.! 


EXPECTED  i 
FALLOUT:  ! 

PRT  UKH  TOT! 

2.  10.  12.! 

UPPR  BUD  FOR! 
OBS  FALLOUT:! 

7.  20.  22.! 

LOUR  BHD  FOR! 
OBS  FALLOUT:! 

0.  2.  3.! 


!  EXPECTED 
!  FALLOUT: 

!  PRT  IKH  TOT 
!  0.  3.  3. 

iUPPR  END  FOR 
! OBS  FALLOUT : 

!  0.  9.  9. 

I L  OUR  IND  FOR 
! OIS  FALLOUT: 

!  0.  0.  0. 


TEST 


B  E  8  C  I  I  P  T  I  0  I 
PARAIETEI  VALUE 


TEST  SEQUENCE 

TYPE 

Nl.  1 

NO.  2 

NO.  3 

10.  4 

TOTAL  COST(t) 

LEVEL  NO.  1 

1373. 

TEST  NO. 

2 

CYT 

71.00 

-54.00 

3.00 

20.00 

1375. 

LEVEL  NO.  2 

3357. 

TEST  NO. 

3 

RVIB 

A. 01 

40.00 

0.0 

0.0 

3337. 

LEVEL  NO.  3 

3820. 

TEST  NO. 

1 

CT 

70.00 

90.00 

0.0 

0.0 

5824. 

TOTAL  COST 

* 

10734. 

INSTANTANEOUS  NTIF  FOR  REMAINING 
FLAUS  AT  ENI  OF  SCREENING 


PARTS  ! 

:  3. 

4. 

UORKMANSHIP 

5. 

4. 

7. 

8. 

9, 

0. 

1223. 

1223. 

1223. 

1223. 

1223. 

1222. 

1222 

0. 

1223. 

1223. 

1223. 

1223. 

1223. 

1222. 

1222, 

0. 

1223. 

1223. 

1223. 

1223. 

1223. 

1222. 

1222 

I. 

1051. 

1051. 

1031. 

1051. 

1031. 

1051. 

1050 

2. 

849. 

849. 

840. 

848. 

148. 

848. 

848 

3. 

740. 

740. 

740. 

740. 

700. 

740. 

700 

4. 

445. 

445. 

445. 

445. 

405. 

445. 

440 

IF  TOO  UISH  A  .99  PROBABILITY  INTERVAL,  ENTER  ZENO 

IF  YOU  UISH  TO  ENTER  A  SMALLER  PROBABILITY  (FOR  A  NARROUER  INTERVAL) 

ENTER  ONEi 

7 

0 
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IF  YOU  HAVE  FALLOUT  DATA  ENT El  t ,  IF  HOT  ENTEI  ZEIOt 

7 

0 

IF  YOU  UISI  TO  ANALYZE  EQUIVALENT  SCREENS  ENTER  fNE 
IF  NOT  ENTER  ZEROi 

7 

i 

FOILOUIN6  ARE  THE  SCREEN  EQUATIONS  AVAILABLE: 

1.  CONSTAIT  TENPERATUIE 

2.  TEMPERATURE  CYCLING 
*3.  Random  vibration 

4.  SINE  SUEEP  VIBRATION 
9.  SINE  FIXEI  VIBRATION 


ENTER  NUMBER  FROM  ABOVE  LIST  CORRESPONDING  TO  SIVEN  SCREEN: 

7 

1 

ENTER  RUBBER  FROM  ABOVE  LIST  CORRESPONDING  TO  DESIRED  SCREEN: 

7 

2 

ENTER  PARAMETERS  FOR  SIVEN  SCREEN: 

ENTER  ABSOLUTE  VALUE  OF  DIFFERENCE  BETWEEN  TEMP  IN  DEG  C  AND  25  DES  C 
AND  TINE  IN  HOURS 

7 

45  96 

ENTER  PARAMETERS  FOR  DESIRED  SCREEN; 

EITER  ZERO  FOR  PARAMETER  TO  BE  FOUND: 

ENTER  RANGE  IN  DES  C 
TTMP  RATE  OF  CHANGE  IN  DEG  C/HIN 
AID  NUMBER  OF  CYCLES 

7 

100  3  0 

TEST  STRENGTH  FOR  GIVEN  SCREEN*  0.31 43 


PAIANETER  IN  DESIRED  TEMP  CYCLING  SCREEN*  S.O 
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INTERVAL  ITIF 

THE 

ITIF 

2090. 

1034. 

4090. 

1937. 

4009. 

1040. 

8000. 

1043. 

10090. 

1943. 

12000. 

1048. 

14000. 

1071. 

14000. 

1073. 

18090. 

1974. 

20000. 

1078. 
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4.3.2 


Cost  Option  Example 

In  this  example,  the  user  desires  a  set  of  screens  which 
precipitate  the  maximum  number  of  latent  defects  for  a 
fixed  dollar  amount  of  $40,000. 

********  SELECTION  OF  PROGRAM  INPITS  AN!  OPTIONS  ******** 

IF  THE  HOIEL  IEFA8LT  IS  DESIRED,  ENTER  ZEROt 

OPTION  A  FINDS  OPTIMAL  TEST  SEQUENCE  TO  ACHEIVE  A  GIVEN  PRODUCT 
RELIABILITY  REQUIXEMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  GIVEN  A  FIXED  CIST 
OPTION  C  COMPUTES  TEST  STRENGTHS  OF  EXISTII6  SCREENS 


DESIRED  SERIES  HTIF  OF  NEU  SYSTEM  (OPTION  A  ONLY, FOR  OPTIONS  B  OR  C 
ENTER  ZERO) 

7 

0 

COST  BUD6ET (OPTION  I  ONLY, FOR  OPTION  A  OR  C  ENTER  ZERO) 

7 

40000 

TOTIL  PART  POPULATIONS  BEFAOLT  AVAILABLE) 

? 

7000 

FAILURE  RATES  OF  GOOD  PARTS,'  SOOD  CONNECTIONS3 

7 

0  0 

PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

7 

0 
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IF  YOU  UISR  ANOTHER  EIUIVALENCY  ENTER  ONE,  IF  NOT,  ENTER  ZEROi 
7 

1 


FOLIOUIIG  ARE  THE  SCREEN  EQUATIONS  AVAILABLE! 

1 .  CONSTANT  TEMPEIATUIE 

2.  TEIPE1ATURE  CYCLING 

3.  RANOON  VIBRATION 

4.  SINE  SHEEP  VIIRATION 

5.  SINE  FIXES  VIIRATION 


ENTER  NINIER  FROM  ABOVE  LIST  C0RRESP0NSIN6  TO  OIVEI  SCREEN! 

7 

2 

ENTER  NINIER  FROM  ABOVE  LIST  CORRESPONDS  TO  IESIIEI  SCREEN! 

7 


ENTER  PARAHETERS  FOR  RIVER  SCREEN! 

ENIER  RANGE  IN  RES  C 
TEMP  RATE  OF  CHARGE  IN  DEG  C/NIN 
AID  NONBER  OF  CYCLES 

7 

123  3  20 

ENIER  PARAHETERS  FOR  IESIIE9  SCREEN; 
EITER  ZERO  FOR  PARANETER  TO  IE  FOUND! 

ENIER  RANGE  IN  IEO  C 
TEIP  RATE  OF  CHANGE  IN  DEG  C/NIN 
AID  NONBER  OF  CYCLES 

7 

100  3  0 

TEIT  STRENOTH  FOR  6IVEN  SCREEN8  0.6149 


PARANETER  IN  DESIRED  TEHP  CYCLING  SCREEN8  41. I 
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/ 


LEVEL  1 


TENPEIATUNE  CYCLING,  LEVEL  1 
THE  DEFAULT  VALUES  ARE: 

LONER  TEMP=-54  OEB  C 

UPPER  TERP*71  DEG  C 

TEIP.  RATE  OF  CHANGERS  DE6  C/N1N 

RANGE  OF  CYCLES  TO  BE  INVEST  1 6ATEI>0  TO  20 

IF  YOU  NISH  THE  DEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  1: 


ENTER  THE  FOLLOUING  MANUFACTURING  PROCESS  IATA,  LEVEL  1 
IF  MOIEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZERO: 

FIXES  TEST  COST  IN  DOLLARS- 

7 

10000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR3 

7 

AO 

AVE1A6E  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  THIS  LEVEL3 


ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS3 

7 
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TEST  AND  PARAMETER  SELECTION 


FOLLONINS  ARE  THE  PVA1LAILE  SCREENS  t 

1.  CONSTANT  TEMPERATURE 

2.  CYCLED  TEMPERATURE 

3.  RANDOM  fllRATlON 

4.  SINE  SWEEP  VIIRATION 

5.  SINE  FIXES  VIIRATION 


IEFAULTS  ARE i 
LEVEL  1 
TEMP.  CYCL1NS 
(2) 


LEVEL  2  LEVEL  3 

RAN. VII  CONST.  TEMP. 

(3)  (t> 


IF  YOU  UISN  DEFAULT  SCREENS  ENTER  ZERO,  IF  NOT,  ENTER  ti 

7 

0 
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'LEVEL  J1 


CONSTANT  TEHPERATBRE,  LEVEL  3 
THE  DEFAULT  VALUES  AREt 
TE«f»ERATURE*7«  DES  C 

TIIE  RANGE  TO  BE  INVESTIGATED^  TV  48  HOURS 

IF  YOU  UISN  THE  IEFAULT  VALVES,  ENTER  ZERO,  IF  NOT, ENTER  1: 

7 

0 

ENTER  THE  FOLLOUING  MANUFACTURING  PROCESS  IATA,  LEVEL  3 

IF  NOVEL  IEFAULTS  ARE  DESIRED  FOR  ANT  ITEM,  ENTER  ZEROi 

FIXED  TEST  COST  IN  DOLLARS* 

7 

10000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

50 

AVERAVE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  THIS  LEVEL 

7 

1000 

ASSEMBLY  REFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  FARTS3 

7 

0 


113 


'LEVEL  2' 


RANDON  VIBRATION,  LEVEL  2 
THE  IE FAULT  VALUES  AREt 
I-IEVEI-A  • 

RANGE  OF  TIME  TO  IE  INVESTIGATE!-*  TO  tO  BIN. 

IF  TOO  MISN  THE  IEFAULT  VALUES  ENTER  ZERO,  IF  NIT,  ENTER  It 


ENTER  THE  FOLLOWING  MANUFACTURING  PROCESS  SATA,  LEVEL  2 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANT  ITER,  ENTER  ZERO« 

FIIEI  TEST  COST  IN  DOLLARS* 

? 

10000 

VAIIAILE  TEST  COST  IN  DOLLARS  PER  HOUR* 

f 

50 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  TNIS  LEVEL* 

T 

500 

ASSENBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  IF  TOTAL  FARTS* 

7 
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TEST 


S  E  S  C  I  I  P  T  I  0  I 
PARAMETER  VALUE 

TEST  SEQUENCE  TYPE  10.  t  NO.  2  NO.  3  NO.  4  TITAL  COST(t> 


LEVEL  10.  1 
TEST  NO. 

2 

CYT 

71.00  -54.00 

5.00 

20.00 

11520 

11520 

LEVEL  NO.  2 
TEST  10. 

3 

RVIB 

0.00  5.00 

0.0 

0.0 

13090 

13090 

LEVEL  NO.  3 
TEST  NO. 

1 

CT 

70.00  41.00 

0.0 

0.0 

15341 

15341 

TOTAL  COST 

0 

19960 

INSTANTANEOUS  RTIF  FOR  RENA IN  1 16 
FLAWS  AT  EIO  OF  SCREEN I 16 


PARTS  : 

5. 

6. 

WORKMANSHIP 

7. 

8. 

0. 

10. 

11 

o.  : 

1397. 

1397. 

1397. 

1397. 

1397. 

1396. 

1394 

o.  : 

1397. 

1397. 

1397. 

1307. 

1397. 

1396. 

1396 

o.  : 

1317. 

1317. 

1317. 

1317. 

1317. 

1317. 

1316 

i.  : 

1043. 

1043. 

1043. 

1012. 

1042. 

1042. 

1042 

2.  : 

863. 

863. 

863. 

843. 

163. 

863. 

862 

3.  : 

736. 

736. 

734. 

736. 

736. 

736. 

736 

4.  t 

642. 

642. 

641. 

611. 

641. 

641. 

641 

IF  YOU  WISH  A  .99  PROBABILITY  INTERVAL,  ENTER  ZERS 

IF  TOO  WISH  TO  ENTER  A  SNALLEi  PROBABILITY  (FOR  A  NARROWER  INTERVAL) 

ENTER  ONES 


1 

ENTER  PROIABILITY  DESIREDs 

T 

.8 
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7 

1 


IF  100  WISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  NOT,  ENTER  ZEROi 


PROIRAH  BATA 

NPARTS  LEVELS  (PDEfTnPARtI) . CREQI . Nli? 


7100 


40001.01 


ft. 


A8SEIILT  DATA 

AisEHBLT~LEVEL  E X PECTEB~MURiE R~6f"*  ASSEliLtiEFECTS 


1 

2 

3 


14. 

7. 

4. 


IEIORK  COST 


LEVEL 

1 

45 

LEVEL 

2 

50ft 

LEVEL 

3 

1000 
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r 


INTERVAL 

NTBF 

TINE 

R 

0 

HT1F 

20*0. 

0 

• 

1049. 

4000. 

1 

* 

1054. 

4000. 

0 

1 

1042. 

8000. 

0 

1 

1049. 

toooo. 

• 

I 

1075. 

12000. 

0 

1 

1081. 

14000. 

1 

1 

1087. 

14000. 

1 

1 

1093. 

18000. 

1 

1 

1098. 

20000. 

1 

4 

1104. 

IF  YOU  HOVE  FALLOUT  DATA  ENTER  ! ,  IF  NOT  ENTER  ZERO: 

7 

0 

IF  TOU  II SH  TO  ANALYZE  EQUIVALENT  SCREENS  ENTER  ORE 
If  NOT  ENTER  ZERO: 

7 


IF  YOU  HAVE  TINES  TO  FAILURE  FOR  LEVEL  III  ENTER  1, 
IF  NOT,  ENTER  ZERO: 

7 

0 

REAIY 
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STRESS  SCREENIN6  FLOU  IIA6IAN 


!  INCOMING 
!  If  ARTS  J 

:  7000 

I 

I 

' IBEFECTSi 
i  7. 


:  level  i  : 

LEVEL  2 

LEVEL  1  !  i  0UTI0IN6  i 

:abef«  : 

ADEF- 

ADEF*  !  S DEF  P  REN: ' 

:  14.: 

7. 

4.1  1  t.i 

:  :--> 

--> 

l—  >1  1 

:ts*  : 

TS= 

TSs  1  'DEF  •  REN:! 

:  o.ais: 

0.409 

0.2371  1  1.1 

•  • 

«  • 

1  1  1 

:def  passed : 

DEF  PASSED 

DEF  passed:  1NTBF:  ! 

:  8.: 

•  i 

»  i 

9. 

V.:  1  1042.1 

•  •  1 

•  1  1 

i 

i 

i 

i 

u 

• 

1 

1 

* 

V 

1 

1 

• 

V 

EXPECTED  ! 
FALLOUT  i  ! 

I 

« 

PRT  UKX  TOT! 

4.  t.  it.: 

I 

UPPR  BID  FOR! 
OBS  FALLOUT:,' 

j 

i.  14.  is.: 

I 

I 

LOUR  BID  FOt: 

OBI  FALLOUT:! 

• 

I 

i.  4.  7.: 


!  EXPECTED 
!  FALLOUT: 

! 

!  PRT  IKI  TOT 

:  1.  5.  A. 

• 

: UPPR  BND  FOR 
!OBS  FALLOUT:,' 

:  :  : 
:  3.  ?.  io.:  : 

•  i  i 

i  i  i 

: lour  bnd  for:  : 

!OIS  FALLOUT:!  ! 

4  I  I 

I  «  I 

:  o.  i.  2.:  : 


:  EXPECTED 
!  FALLOUT: 

:  PRT  UK A  TOT 
:  0.  3.  3. 

! UPPR  IND  FOR 
!OBS  FALLOIT : 

0.  A.  A. 

LOUR  IND  FOR 
OIS  FALLOIT: 

0.  0.  0. 
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TEST  AND  PARAMETER  SELECTION******** 


FOLLOW  INI  ARE  THE  AVAILABLE  SCREENS  i 

1.  CONSTANT  TEMPERATORE 

2.  CYCLED  TEMPERATURE 

3.  RANDOM  VIIRATION 

4.  SINE  SWEEP  VIIRATION 

5.  SINE  FIXES  VIIRATION 


ENTER  TOUR  SCREEN  SEQUENCE  AS  PROMPTED  USIN6  RUMIERS  FROM  ABOVE  L I  ST  I  NS 
IF  YOU  DO  NOT  WISH  TO  SCREEN  AT  A  PARTICULAR  LEVEL,  ENTER  ZERO: 

FOR  LEVEL  1  THE  SCREEN  NUMBER  DESIRES  IS: 

7 

1 

FOI  LEVEL  2  THE  SCREEN  NUMBER  DESIRED  IS: 

7 

2 

FOI  LEVEL  3  THE  SCREEN  NUMBER  DESIRED  IS: 

7 

4 
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4.3.3  Tradeoff  Option  Examples 

4. 3. 3.1  Evaluating  an  Existing  Screen.  The  user  has  an  existing 
screen  and  wishes  to  have  the  SSM  -determine  the  cost  and 
test  strength  of  that  screen.  After  having  evaluated  an 
existing  screen,  the  MTBF  Option  should  be  exercised  to 
allow  the  SSM  to  determine  an  optimum  screen  to  achieve 
the  same  MTBF.  Alternatively,  the  Cost  Option  may  be 
exercised  to  determine  what  MTBF  is  achievable  for  the 
same  cost  as  the  existing  screen. 


«*«**«**  SELECTION  OF  PROGRAM  INPITS  INI  OPTIONS  •*•*«*** 

IF  THE  HOIEl  IEFABLT  IS  DESIRED,  ENTER  ZERO! 

OPTIOI  A  FINDS  OPTIMAL  TEST  SEOUENCE  TO  ACNEIVE  A  GIVEI  PRODUCT 
RELIABILITY  REQUIREMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  OIVEM  A  FIXED  COST 
OPTION  C  COMPOTES  TEST  STRENGTHS  IF  EXISTING  SCREENS 


IEIIREI  SERIES  NT IF  OF  NED  SYSTEM  (OPTION  A  ORLY, FOR  OPTIONS  B  OR  C 
ENTER  ZERO) 

7 

0 

COST  BODOETt OPTION  I  ONLY, FOR  OPTION  A  OR  C  ENTER  ZERO) 


TOTAL  PART  POPULATIONCNO  IEFA0LT  AVAILABLE) 

7 

5000 


FAILURE  RATES  OF  ROOD  PARTS;  SOOD  CONNECTIONS* 

* 

0  0 

PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

? 

0 
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«***«*mLEVEL  2* 


TEMPERATURE  CYCLING,  LEVEL  2 

ENTER,  IN  IRDER,  SEPARATED  BY  COMMAS  OR  SPACES! 

UPPER  TEMP., LOME!  TEMP., TEMP.  RATE  OF  CHANGE,  10.  OF  CYCLESl 
(TEMPERATURE  RINSE  MUST  IE  UITHIN  -35  TO  +73  BEB  C 
AND  RITE  OF  CHANGE  IETUEEM  1  INI  20  DEG  C/MIN) 

7 

70  -40  10  12 

ENTER  THE  FOLLOHIMG  NINUFICTURING  PROCESS  IATA,  LEVEL  2 
IF  NOIEL  IEFAHLTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROi 
FIXEI  TEST  COST  !M  DOLLARS* 

7 

0 

VARIAILE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

0 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  TMIS  LEVEL* 

7 

0 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  IF  TOTAL  PARTS* 

7 

0 
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COISTANT  TEIPERATBRE,  LEVEL  1 

ENTER,  IN  ORDER,  SEPARATE!  IY  COMIAS  OR  SPACES! 

TEIP  II  IEI  C,  TINE  IN  HRSi 
(TENP  RUST  IE  LESS  THAN  >73  DEG  C) 

7 

70  96 

ENTER  THE  FOLLOUIIG  NANUFACTURING  PROCESS  DATA,  LEVEL  1 
IF  IOIEL  KFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROl 
FIXED  TEST  COST  II  DOLLARS9 

7 


VARIAILE  TEST  COST  IN  DOLLARS  PER  HOUR9 

7 

0 

AVERASE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  TIIS  LEVEL9 

7 

0 

ASSENILY  IEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  FART!9 

7 

0 
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PROIRAM  DATA 


NPARTS 

LEVELS 

(PDEF  X  NPARTS) 

CREID  • 

NTBF 

SOM 

3 

S. 

NA 

IA 

ASSEMBLY  BATA 

ASSEMBLY  LEVEL 

EXPECTED  NUMBER  OP  ASSEIBLY  DEFECTS 

1 

to. 

2 

S. 

3 

3. 

REIORK  COST 

LEVEL 

1 

45 

LEVEL 

2 

30# 

LEVEL 

3 

990 

TEST  SEQUENCE 

T  E 

TYPE 

ST  D  E  S  C  R 
PARAMETEI 
AO.  !  NO.  2 

I  P  T 
VALUE 
NO.  3 

I  0  A 

NO.  4 

TOTAL  COSH 

LEVEL  10.  1 

3092. 

TEST  NO.  1 

CT 

70.00 

90.00 

0.0 

0.0 

3092. 

LEVEL  NO.  2 

3380. 

TEST  NO.  2 

CYT 

70.00 

-40.00 

10.00 

12.00 

3380. 

LEVEL  NO.  3 

2751. 

TEST  NO.  4 

SSVB 

0.00 

20.00 

0.0 

0.0 

2731. 

TOTAL  COST 

* 

922 J. 

123 


LEVEL  3 


SI «C  SHEEP  DURATION ,  LEVEL  3 

ENTER  IN  ORIER,  SEPARATED  BY  COMMAS  OR  SPACES* 

6-LEVEL,  TINE  IN  NIli 

<6  LEVEL  BETWEEN  «  AND  10) 

7 

6  20 


7 

0 

7 

0 

7 

0 

7 

0 


ENTER  THE  FOLLOUIRG  MANUFACTURING  PROCESS  IATA,  LEVEL  3 
IF  MODEL  DEFAULTS  ARE  DESIRF*  FOR  ANY  ITEM,  EITER  ZEROt 
FIXED  TEST  COST  II  DOLLARS3 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR3 

AVEIA6E  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  THIS  LEVEL3 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  FARTS3 


IF  YOU  UISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  NOT,  ENTER  ZEROi 

7 

1 
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STRESS  SCIEENIN6  FLOW  DIASRAM 


I  INCOMING  : 


SPARTSt 

3000 

•DEFECTS t 
3. 


!  LEVEL  1 


:  LEVEL  2 


-> 


ADEF* 

ADEF* 

10. 

— > 

3. 

— >! 

TS* 

TS* 

0.314 

0.489 

DEF  PASSED 

DEF  PASSED 

10. 

5. 

1 

• 

1 

0 

V 

1 

• 

0 

0 

V 

!  LEVEL  3 
ADEF* 


S  OUTGOING 


TS« 


!  !DEF  P  REM i 

:  i. 

!  — > ! 

:  !IEF  I  RENt 

0.311!  I  4. 


I  ! 


DEF  PASSED! 
4.! 


EXPECTED 
FALLOST i 

PRT  UKM  TOT 
1.  4.  3. 

UPPR  INI  FO* 
08S  FALLOUT l 
!  ! 
5.  10.  12. 

LOUR  BID  FOR 
OBS  FALLOUTi 

0.  0.  «. 


EXPECTED  ! 

FALLOUT t  ! 

• 

« 

PRT  UKM  TOT! 
2.  9.  11. i 

I 

UPPR  BID  FOR! 

OBS  FALLIUT I ! 

• 

I 

7.  >8.  21.! 

• 

LOUI  INI  FOR! 
OBS  FALLOUT:! 

I 

0.  1.  2.! 


EXPECTED 
FALLOUTi 

!  PRT  IKH  TOT 
I  0.  3.  3. 

! 

UPPR  BND  FOR 
OIS  FALLOITi 

0.  9.  9. 

LOUR  BND  FOR 
OIS  FALLOITi 

0.  0.  0. 


I 


! NTBF i 


1353. 


INTERVAL  NTBF 


TIME  !  ITIF 


2000.  !  1344. 

4000.  !  1373. 

4000.  !  1582. 

8000.  !  1591. 

10000.  !  1599. 

12000.  !  1407. 

14000.  !  1415. 

14000.  !  1423. 

18000.  !  1430. 

20000.  !  1437. 
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INSTANTANEOUS  NTIF  FOR  RENAINII8 
FLANS  AT  END  OF  SCNEENIN6 


WORKMANSHIP 


f ARTS  !  1.  2.  3. 


0.  I  1957.  1957.  1957. 

0.  S  1957.  1957.  1957. 

0.  !  1957.  1957.  1957. 

1.  !  1556.  1555.  1555. 

2.  !  1187.  1186.  1186. 

3.  !  959.  959.  959. 

4.  i  805.  805.  885. 


4. 

5. 

6. 

7 

1956. 

1956. 

1955. 

1955 

1956. 

1956. 

1955. 

1955 

1956. 

1956. 

1955. 

1955 

1555. 

1555. 

1554. 

1554 

1186. 

1186. 

1186. 

1184 

959. 

459. 

959. 

951 

805. 

805. 

804. 

804 

IF  TOO  WISH  A  .99  PR01AIILITY  INTERVAL,  ENTER  ZERO 

IF  YOU  UISH  TO  ENTER  A  SMALLER  PROBABILITY  (FOR  A  NARRIUER  INTERVAL) 

ENTER  ONE i 


IF  YOU  IISH  ANOTHER  EIUIVALENCY  ENTER  ONE,  IF  NOT,  ENTER  ZEROt 

7 

1 


FOIL SUING  ARE  TNE  SCREEN  EQUATIONS  AVAILABLE: 

1.  CONSTANT  TENPERATNRE 

2.  TENPERATURE  CYCLING 

3.  RANDOM  VIBRATION 

4.  SINE  SWEEP  V I IRA T ION 

5.  SINE  FIXED  VIBRATION 


ENTER  NUMBER  FROM  ABOVE  LIST  CORRESPONDIN6  TO  GIVEN  SCREEN: 

? 

2 

ENTER  NUNIER  FROM  ABOVE  LIST  CORRESPONDING  TO  IESIRED  SCREEN: 


ENTER  PARAMETERS  FOR  GIVEN  SCREEN: 

ENTER  RANGE  IN  IE6  C 
TINP  RATE  OF  CHAN6E  IN  DEG  C/MIN 
ANI  NUMBER  OF  CYCLES 

7 

110  10  12 

ENTER  PARAMETERS  FOR  IESIRED  SCREEN; 
EITER  ZERO  FOR  PARAMETER  TO  IE  FOUND: 

ENTER  RAN6E  IN  IES  C 
TIMP  RATE  OF  CHANGE  IN  DEG  C/MIN 
AID  NITMIER  OF  CYCLES 

7 

100  5  0 

TETT  STRENGTH  FOR  GIVEN  SCREEN3  0.6887 


PARAMETER  IN  IESIRED  TEMP  CYCLING  SCREEN3  43.1 
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IF  YOI  HAVE  FALLONT  DATA  ENTER  1 ,  IF  NOT  EITEI  ZERO* 

? 

0 

IF  YOU  WISH  TO  ANALYZE  EQUIVALENT  SCREENS  ENTER  OIE 
IF  NOT  ENTER  ZEROi 

7 


FOLIQUIIG  ARE  THE  SCREEN  EQUATIONS  AVAILABLE! 

1.  CONSTANT  TENPEIATUIE 

2.  TEMPERATURE  CTCLIIG 

3.  RANDON  VIBRATION 

4.  SIRE  SHEEP  VIIRATION 

5.  SINE  FIXER  VIIRATION 


ENTER  NUMBER  FRON  ABOVE  LIST  C0RRESP0IDIN6  TO  SIVEN  SCREENt 

7 

1 

ENTER  NUMBER  FRON  ABOVE  LIST  CORRESPONDINS  TO  DESIRED  SCREENl 

7 

2 

ENTER  PARAMETERS  FOR  RIVEN  SCREENl 

ENIER  ABSOLUTE  VALUE  IF  DIFFERENCE  IETUEEN  TENP  IN  DEB  C  AID  23  IEI  C 
AND  TINE  IN  HOURS 

7 

43  96 

ENTER  PARAMETERS  FOR  IESIRED  SCREEN; 

ENTER  ZERO  FOR  PARAMETER  TO  IE  FOINDl 

ENTER  IAN6E  IN  DEB  C 
TEMP  NATE  OF  CHANGE  IN  DEG  C/MIN 
ANI  NUIBER  OF  CYCLES 

7 

100  5  0 

TEST  STREI6TH  FOR  GIVEN  SCREEN*  0.3143 


PARAMETER  IN  IESIRED  TENP  CYCLING  SCREEN*  3.4 
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IF  YOU  WISH  ANOTHER  EIUIVALENCY  EATER  ONE,  IF  NOT,  EATER  ZEROt 
1 
1 

FOIL SUING  ARE  TIE  SCREEN  EQUATIONS  AVAILABLE s 

1.  CONSTANT  TEMPERA TUIE 

2.  TEIPERATURE  CTCLIAG 

3.  RAIDOA  VI (RATION 

4.  SIAE  SIEEP  VIIRATION 
3.  SINE  FIXES  VIIRATION 


ENIEI  NUMBER  FROM  ABOVE  LIST  CORRESPONDING  TO  GIVEN  SCREENi 
? 

4 

ENIER  NUMBER  FROM  ABOVE  LIST  CORRESPONDINS  TO  DESIRES  SCREENS 

f 

3 

ENTER  PARAMETERS  FOR  GIVEN  SCREENS 
ENIER  8  LEVEL  AND  TINE  IN  MINUTES 

7 

6  20 

ENTER  PARAMETERS  FOR  IESIRED  SCREEN; 

EITER  ZERO  FOR  PARAMETER  TO  IE  FGUND: 

ENTER  G  LEVEL  AND  TIME  IN  MINUTES 

7 

5  0 

TEST  STREN6TH  FOR  GIVEN  SCREEN*  0.38U 

PA IA METER  FOR  DESIRED  VIBRATION  SCREEN*  A. 3 


IF  TOU  WISH  ANOTHER  ESUIVALENCY  ENTER  ONE,  IF  ROT,  ENTER  ZEROS 

7 

0 


IF  TOU  HAVE  TIMES  TO  FAILURE  FOR  LEVEL  III  ENTER  1, 
IF  NOT,  ENTER  ZEROs 

? 

0 

REAIY 


129 


IF  SOU  IXSH  ANOTHER  E8UIVALEHCY  ENTER  ONE,  If  NOT,  ENTER  ZEROt 

f 

1 

FOIL OU INS  ARE  THE  SCREEN  EQUATIONS  AVAIL AfLE t 

1.  CONSTANT  TENPEIATUIE 

2.  TEHPERATURE  CTCLII6 

3.  NASD OH  VIBRATION 

4.  SINE  SUEEP  VIIRATJON 

5.  SINE  FIXES  VISRATION 


ENTER  RUBBER  FROH  ABOVE  LIST  C0RRESPQBDIN6  TO  GIVEN  SCREEN* 

7 

4 

ENTER  IUHIER  FROH  ABOVE  LIST  CORRESPOROIN6  TO  SESIIEO  SCREEN: 

7 

3 

ENTER  PARANETERS  FOR  S1VEI  SCREEN: 

ENTER  I  LEVEL  ABO  TIHE  IN  HINUTES 

7 

6  20 

ENTER  PARABETERS  FOR  IESIRED  SCREEN; 

EITER  ZERO  FOR  PARAHETER  TO  IE  FOUND: 

ENTER  6  LEVEL  AND  TIHE  IN  HINUTES 

7 

0  15 

TEST  STIEB6TH  FOR  GIVEN  SCREEN=  0.3114 
S0IUTI8N  CANNOT  IE  FOUND  BT  INTERNAL  BETHOD. 

TRY  A  GRID  OF  POSSIBLE  SOLUTIONS. 


128 


*♦♦****, test  and  parameter  selection******** 


FOLLOUING  ARE  THE  AVAILABLE  SCREENS  l 

1 .  CONSTANT  TENPERATORE 

2.  CTCLE)  TEMPERATURE 

3.  RANDOM  VI ORATION 

4.  SINE  SHEEP  VIIRATION 

5.  SIRE  FIXEO  VI ORATION 


ENTER  TOUR  SCREEN  SEQUENCE  AS  PROMPTED  US I NS  IUH0ERS  FROM  ABOVE  LISTINSi 
IF  YOU  DO  NOT  UISH  TO  SCREEN  AT  A  PARTICULAR  LEVEL,  EMTER  ZEROt 
FOR  LEVEL  1  THE  SCREEN  NUMBER  OESIRED  ISl 

7 

2 

FOI  LEVEL  2  THE  SCREEI  NUMBER  DESIRED  ISl 

7 

4 

FOR  LEVEL  3  TIC  SCREEI  NUMBER  DESIRED  ISl 
•* 

1 
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4. 3. 3. 2  Adapting  Screens  Based  on  Observed  Results.  In  this 

exanple,  the  user  has  actual  screen  data  which  falls  outside 
the  bounds  of  the  selected  probability  interval.  Note  on 
the  Stress  Screening  Flow  Diagram  at  level  2  that  the  ex¬ 
pected  number  of  workmanship  defects  is  8,  with  an  80  percent 
probability  interval  of  3  to  12.  The  actual  number  of  work¬ 
manship  defects  observed  is  2  which  is  entered  into  the  SSM. 

A  new  screening  strength  is  computed  (0.1S8)  based  on  observed 
results  and  an  increase  in  vibration  time  from  20  minutes  to 
60  minutes  is  recommended  to  achieve  the  desired  screening 
strength. 


#***«*«*  SELECTION  OF  PROGRAM  INPITS  INI  OPTIINS  ******** 

IF  THE  MODEL  IEFA0LT  IS  DESIRED,  ENTER  ZERO: 

OPTIOI  A  FINDS  OPTIMAL  TEST  SEQUENCE  TO  ACIEIIE  A  GIVEN  PRODUCT 
RELIAIILITY  REQUIREMENT 

OPTION  B  OPTIMIZES  PRODUCT  RELIABILITY  SIVEN  I  FIXED  COST 
OPTION  C  COMPUTES  TEST  STRENGTHS  OF  EXISTINi  SCREENS 


IESIREI  SERIES  MTIF  OF  NEB  SYSTEM  (OPTION  A  ONLY, FOR  OPTIONS  B  OR  C 
ENTER  ZERO) 

7 

0 

COST  RUDGETtOPTION  I  ONLY, FOR  OPTION  A  OR  C  ENTER  ZERO) 

7 

0 

TOTAL  PART  POPULATIONS  IEFAULT  AVAILABLE) 

7 

9000 


FAILURE  RATES  OF  IOOD  PARTS;  IOOD  CONNECTIONS* 

7 

0  0 

PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 

7 

0 
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**m**mlEVEI  2******** 


SI IE  SWEEP  VI IRAT ION ,  LEVEL  2 

ENTER  IN  ORIER,  SEPARATED  BY  COMMAS  OR  SPACES: 

6-LEVEL,  TINE  IN  RIN: 

<6  LEVEL  BETWEEN  «  ANI  10) 

7 

6  20 


ENTER  THE  PILLOWING  MANUFACTURING  PROCESS  IATA,  LEVEL  2 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEN,  ERTER  ZERO: 

FIXED  TEST  COST  IN  DOLLARS* 

7 

20000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

SO 

AV ERASE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  TIIS  LEVEL* 


500 

ASSEMBLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  IF  TOTAL  PARTS* 

7 

0 


133 


'LEVEL  I 


TERPERATURE  CTCLIRG,  LEVEL  1 

ENTER,  I*  ORDER,  SEPARATE!  IY  COMRAS  OR  SPICEIt 

UPPER  TEMP., LORE!  TEMP. ,TERP.  RATE  OP  CHANGE,  10.  OF  CYCLES! 

(TEMPERATURE  RANGE  MUST  IE  UITIIN  >53  TO  +73  IE6  C 

AN!  RATE  OF  CHANGE  IETIEEM  1  AID  2!  DEI  C/IIN) 

? 

70  -40  4  8 

ENTER  THE  FOLLOUIIG  MANUFACTURING  PROCESS  SATA,  LEVEL  I 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZEROi 
FIRED  TEST  COST  II  DOLLARS* 

7 

10000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR* 

7 

40 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTED  AT  TSIS  LEVEL* 

7 

50 

ASSEMBLY  IEFECTS  AT  THIS  LEVEL  AS  A  FRACTXIN  OF  TOTAL  PARTS- 

7 

0 
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PROIRAM  OAT* 


APART S  LEVELS 

(PDEF  X  NPART8)  CREQI 

KTBF 

9W0  3 

f.  NA 

ASSEMBLY  DATA 

IA 

ASSEMBLY  LEVEL 

EXPECTED  NUMBER  OF  ASSEMBLY 

DEFECTS 

1 

18. 

2 

f. 

3 

5. 

REBORK  COST 

LEVEL 

1 

50 

LEVEL 

2 

50« 

LEVEL 

3 

1000 

TEST  SEQUENCE 

T  E 

TYPE 

ST  D  E  S  C  «  I  F  T 
PARARETER  VALUE 
NO.  1  NO.  2  NO.  3 

I  0  1 

NO.  4 

TOTAL  COST(O) 

LEVEL  NO.  1 

10962. 

TEST  NO. 

2 

CYT 

70.00  -40.00 

4.00 

8.00 

10942. 

LEVEL  NO.  2 

24856. 

TEST  NO. 

4 

SSVB 

4.00  20.00 

0.0 

0.0 

24854. 

LEVEL  NO.  3 

37922. 

TEST  NO. 

1 

CT 

75.00  40.00 

0.0 

0.0 

37922. 

TOTAL  COST 

135 

0 

73740. 

**«***m(.EVEI  3' 


CONSTANT  TEHPERATRRE ,  LEVEL  3 

ENTER,  IN  ORDER,  SEPARATED  BY  COHIAC  OR  SPACESi 

TEHP  IN  DEO  C,  TINE  IN  HRSt 

(TEMP  BUST  IE  LESS  THAN  +75  DEO  C> 

7 

75  48 

ENTER  THE  FOLLOUIIO  NANUFACTUIIR6  PROCESS  IATA,  LEVEL  I 
IF  NOIEL  IEFAULTS  ARE  DESIRED  FOR  ANY  ITEN,  ENTER  ZEROi 
FIXED  TEST  COST  II  DOLLARS3 

7 

30000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR3 

7 

60 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTEI  AT  TIIS  LEVEL3 

7 

1000 

A8SEHILY  DEFECTS  AT  TIIS  LEVEL  AS  A  FRACTION  IF  TOTAL  PARTS3 

T 

0 


IF  YOI  UISH  A  TABLE  OF  INPUTS  ENTER  I,  IF  IOT,  ENTER  ZEROi 

7 

1 
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STRESS  SC0EENIN8  FLOW  DIAORAM 


!  ZMC0HXM8  : 

LEVEL  1 

LEVEL  2  1 

LEVEL  3  ! 

OUTGOING  ! 

:  If  ARTS  i 

ADEF* 

ADEF=  ! 

ADEF*  ! 

IEF  f  IEKi! 

:  9000 

18. 

9.! 

5.! 

3.! 

— > 

— > 

!--> 

1 

1 

! IIEFECTSt 

TS* 

TS*  ! 

TS*  ! 

DEF  U  REN:! 

:  9. 

0.394 

0.381 : 

• 

0.230! 

I 

13.! 

0 

OEF  PASSED 

• 

DEF  PASSED! 

« 

IEF  PASSED! 

HTBF :  ! 

14. 

u.: 

1 

t 

13.! 

1 

1 

701.! 

1 

1 

1 

1 

• 

• 

V 

1 

I 

1 

1 

V 

0 

1 

* 

1 

V 

EXPECTED 

FALLOOT: 

1  • 

!  EXPECTED  ! 

!  FALLOUT:  ! 

EXPECTED 

FALLOUT: 

PRT  OKU  TOT 
3.  0.  11. 

!  PRT  UKM  TOT! 

!  2.  8.  10.! 

•  t 

PRT  §KH  TOT 
0.  5.  5. 

UPPR  BID  FOI 
OIS  FALLOUT i 

1  * 

iOPPR  BID  FOR! 
!OBS  FALLOUT:! 

I  1 

UPPR  IND  FOR 
OBS  FALLOUT: 

A.  12.  14. 

!  5.  12.  15.! 

i  • 

0.  9.  9. 

LOUR  BNI  FOR 
OBS  FALLOUT: 

! LOUR  BHD  FOR! 

! OBS  FALLOUT:! 

1  1 

LOUR  IND  FOR 
OBS  FALLOUT: 

0.  3.  4. 

t  1 

!  0.  3.  5.! 

1  » 

1  1 

0.  1.  1. 

INSTANTANEOUS  «TIF  FOR  REMAINII8 
FLAWS  AT  EM  OF  SCREEN  INS 


WORKMANSHIP 

10.  It.  12.  13. 


PARTS 


0. 

1. 

2. 

3. 

4. 

5. 

A. 


1084. 

974. 

SIS. 

701. 

415. 

547. 

493. 


1084. 

974. 

SIS. 

701. 

415. 

547. 

493. 


1014. 

974. 

813. 

701. 

415: 

547. 

493. 


1084. 

973. 

813. 

701. 

415. 

547. 

493. 


14. 


1084. 

973. 

815. 

701. 

415. 

547. 

493. 


13. 


1084. 

973. 

815. 

701. 

415. 

547. 

493. 


14. 


1084. 

973. 

815. 

701. 

413. 

547. 

493. 


1 

v 

.8 


IF  YOU  WISH  n  .99  PROIAIILITY  INTERVAL ,  ENTER  ZERO 

IF  YOU  UISH  TO  ENTER  A  SMALLER  PROBAIILITY  (FOR  A  IARRIUER  INTERVAL) 

ENTER  ONE i 


ENTER  PROBAIILITY  BESIREDt 
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3TIE83  SCREEN  I IG  RESULTS! 


i  INC0HIN6  ! 

LEVEL  1  S  !  LEVEL  2  !  1  LEVEL  3  !  !  0ITG0IN8  ! 

!  If  ARTS  < 

:  9000! 

!  !  — > 

! IIEFECTSt  ! 

!  9. ! 

5  ! 

!  i 

*  1 

1  A 

1  1 

•  • 

ADEF*  ! 

18. i 
!--> 

TS*  ! 

0.394! 

1 

1 

DEF  PASSED! 

10.! 

1 

• 

ADEF*  ! 

9.! 

!--> 

TS*  ! 

0.1S8! 

1 

1 

DEF  PASSED! 

21.1 

1 

ADEF* 

S. 

TS* 

0.230 

IEF  PASSED 
19. 

SDEF  P  REHt i 
!  5.! 

— >! 

! DEF  U  REHt! 

!  14.! 

!  ! 
iNTBFt  ! 

!  321.! 

!  ! 

•  1  f 

•  A  • 

•  •  t 

•  4  « 

V  V  V 

1 

A 

EXPECTED  ! 
FALLOUTi  ! 

A 

• 

1 

EXPECTED  ! 

FALLOUTi  ! 

1 

EXPECTED 

FALLOUTi 

1 

PRT  OKI  TOT! 

3.  1.  11.! 

1 

I 

PRT  UKH  TOT! 
0.  4.  4.! 

A 

PRT  UKH  TOT 
1.  4.  7. 

UPPR  BID  FOR! 

OBS  FALLOUTi! 

1 

UPPR  IND  FOR! 
IBS  FAILIUT  t ! 

UPPR  IND  FOR 
OIS  FALLOUTi 

A.  12.  14.! 

» 

0.  8.  8.! 

A 

3.  9.  11. 

1 

LOUt  INI  FOR! 

OBS  FALLOUTi! 

1 

A 

LOUR  BID  FOR! 
OBS  FALLOUT:! 

LOUR  BND  FOR 
OIS  FALLOUTi 

» 

0.  3.  6, ! 

1 

A 

0.  1.  1.! 

0.  2.  2. 

INCREASE  TINE  ON  LEVEL  2  TO  40.00  MINUTES 


IF  YOU  UISN  TO  ANALYZE  EQUIVALENT  SCREENS  ENTER  INE 
IF  NOT  ENTER  ZERO* 

7 

0 


IF  YOU  HAVE  TIMES  TO  FAILURE  FOR  LEVEL  III  ENTER  1, 
IF  NOT ,  ENTER  ZEROi 

7 

0 

REAIY 
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INTERVAL  ITIF 

TINE 

ITIF 

2000. 

70?. 

4000. 

717. 

6000. 

723. 

8000. 

733. 

1 0000 . 

740. 

12000. 

748. 

14000.  {  7S5. 

16000.  i  7A2. 

18000. 

769. 

20000. 

776. 

IF  YOU  HAVE  FALLOUT  DATA  ENTER  I,  IF  NOT  EITER  ZERIl 

? 


IF  TOU  HAVE  SEPARATE  FALLOUT  FOR  FARTS  AND  UORIHAMSHIP  ENTER  ORE 
IF  YOU  HAVE  TOTAL  FALLOUT  ONLY  AT  EACH  LEVEL,  ENTER  ZEROi 


ENTER,  IN  ORDER,  ACTUAL  FALLOUT t 

RUE  TO  <A)  PARTS  (8)  UORKNAISHIP,  AS  PROlPTEDi 

FOR  LEVEL  1« 

7 

3  7 

FOR  LEVEL  2i 

? 

2  2 

FOR  LEVEL  3i 

7 
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**$*****TEST  AND  PARAMETER  SELECTION******** 


FOLLOWING  ARE  THE  AVAILABLE  SCREENS  I 

1 .  CONSTANT  TENPERATIRE 

2.  CYCLED  TEMPERATURE 

3.  RANDOM  VI ORATION 

4.  SINE  SWEEP  VI ORATION 

5.  SINE  FIXED  VIBRATION 


DEFAULTS  ARE: 

LEVEL  I  LEVEL  2 

TEMP.  CYCLING  RAN.VIB 

(2)  (3) 


LEVEL  3 
CONST.  TEMP. 
(1) 


IF  YOU  UISH  DEFAULT  SCREENS  ENTER  ZERO,  IF  NOT,  ENTER  Is 

v 

0 


4.3.4 


Example  Using  the  CPE  Model  to  Evaluate  Screening  Results. 


In  this  example,  three  levels  of  screens  are  used,  based  on 
model  defaults.  The  stress  screening  flow  diagram  shows 
an  expected  fallout  of  13  defects  at  Level  3.  The  user 
actually  experienced  16  defects  and  also  had  times-to-fail- 
ure  for  each  defect.  In  this  example,  the  times-to-failure 
are  entered  into  the  SSM  and  the  CDE  model  is  fit  to  the 
failure  distribution,  resulting  in  estimates  for  the  number 
of  defects  entering  the  Level  3  screen  and  the  screening 
strength  at  that  level.  In  this  example,  the  estimated 
number  of  defects  is  unchanged,  (33),  but  the  screening 
strength  estimate  is  revised  upward  to  0.521  from  0.382. 


cX  SSM 


********  SELECTION  Of  PROGRAM  INPUTS  AND  OPTIONS  ******** 

IF  THE  NODEL  IEFAULT  IS  DESIRED,  ENTEK  ZERO* 

OPTION  A  FINDS  OPTIMAL  TEST  SEQUENCE  TO  ACHEIVE  A  GIVEN  PRODUCT 
RELIABILITY  REQUIREMENT 

OPTION  B  OPTIMZES  PRODUCT  RELIABILITY  GIVEN  A  FIXED  COST 
OPTION  C  COMPUTES  TEST  STRENGTHS  OF  EXISTIN6  SCREENS 


DESIRED  SERIES  MT1F  OF  NEU  SYSTEM  (OPTION  A  ONLY, FOR  OPTIONS  B  OR  C 
ENTER  ZERO) 

? 

400 

TOTAL  PART  »QPULATI0N<N0  OEFA0LT  AVAILABLE) 

7 

20000 

FAILURE  RATES  OF  600D  PARTS;  GOOD  CONNECTIONS* 

7 

0  0 

PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL  PARTS* 
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**m**«*LE»EL  2******** 


RANDOA  VI (RATION,  LEVEL  2 
THE  DEFAULT  VALUES  ARE: 

6-LEVEL3*  0 

RANGE  OF  TINE  TO  IE  INVESTIGATED3*  TO  10  NIN. 

IF  YOU  UISH  THE  DEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  f: 


ENTER  THE  FOLLOUING  HANUFACTURING  PROCESS  (AT*,  LEVEL  2 
IF  NOIEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ENTER  ZERO: 
FIXED  TEST  COST  IN  DOLLARS3 

•t 

30000 

VARIAILE  TEST  COST  IN  DOLLARS  PER  HOUR3 


AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTED  AT  THIS  LEVEL 

? 

0 

ASSEHILY  IEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  OF  TOTAL  PARTS3 


'LEVEL  1 


TEIPEIATUIE  CYCLING,  LEVEL  1 
THE  DEFAULT  VALUES  ARE* 

LOUER  TEHP'-SA  DEB  C 

UPPER  TEHP=71  DEG  C 

TEMP.  RATE  OF  CHARGE'S  DEB  C/AIN 

RAN6E  IF  CYCLES  TO  BE  INVEST IGATED*0  TO  20 

IF  YOU  WISH  THE  BEFAULT  VALUES  ENTER  ZERO,  IF  NOT,  ENTER  It 


ENTER  THE  F0LL0UIR6  MANUFACTURING  PROCESS  BATA,  LEVEL  t 
IF  HOIEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITEM,  ERTER  ZERO: 
FIXED  TEST  COST  II  DOLLARS' 

7 

20000 

VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR' 


AVERASE  CIST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  DETECTEI  AT  THIS  LEVEL' 

7 

0 

ASSEHILY  DEFECTS  AT  THIS  LEVEL  Aa  A  FRACTION  OF  TOTAL  PARTS' 
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PROIRAM  DATA 

NPaStS  LEVELS  ( PDEF~X_NPARTiT  CREOD  MTBF 


20000  3  2*.  0.0  400. 


ASSEMBLY  DAT4 


ASSEMBLY  LEVEL 

EXPECTED  NUMBER  OF  ASSEMBLY  DEFECTS 

1 

40. 

2 

20. 

3 

10. 

REIIORK  COST 

LEVEL 

1 

45 

LEVEL 

2 

300 

LEVEL 

3 

m 

REQUIREMENT  CANNOT  BE  MET 
MTBF  POSSIBLE*  442.9 
HTIF  REQUIRED3  400.0 
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**«***<*LEVEl 


CONSTANT  TEHPERATORE ,  LEVEL  3 
THE  DEFAULT  VALUES  AREs 
I£HPERATURES70  OE6  C 

TIRE  RAN6E  TO  BE  INVESTIGATED^  TO  48  HOUIS 

IF  YOU  UISH  THE  DEFAULT  VALUE!,  EITER  ZERO,  IF  NOT, ENTER  tt 


ENTER,  IN  ORDER,  SEPAIATE1  BY  COMAS  IR  SPACES* 

TEMP  IN  DEO  C,  TINE  IN  HRSi 
(TEHP  RUST  BE  LESS  THAN  475  DEI  C) 

7 

70  160 

ENTER  THE  FOLLOUING  MANUFACTURING  PROCESS  BATA,  LEVEL  3 
IF  MODEL  DEFAULTS  ARE  DESIRED  FOR  ANY  ITER,  EITER  ZEROt 
FIXED  TEST  COST  II  DOLLARS3 


VARIABLE  TEST  COST  IN  DOLLARS  PER  HOUR3 

f 

AVERAGE  COST  IN  DOLLARS  FOR  REPAIR  OF  DEFECT  IETECTEB  AT  THIS  LEVEL3 


ASSEMILY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  IF  TOTAL  FARTS3 


IF  YOU  UISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  ROT,  ENTER  ZEROi 
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INSTANTANEOUS  ATBF  FOR  REHAININS 
FLAMS  AT  ENI  OF  SCREENING 


PARTS  i 

!  IS. 

14. 

WORKMANSHIP 

17. 

18. 

19. 

o 

CM 

21 

0. 

489. 

489. 

489. 

489. 

489. 

489. 

4  89 . 

0. 

489. 

489. 

489. 

489. 

489. 

489. 

489 

1. 

444. 

443. 

445. 

445. 

445. 

445. 

445 

2. 

409. 

409. 

409. 

409. 

409. 

409. 

409 

3. 

378, 

378. 

378. 

378. 

378. 

378. 

378 

4. 

352. 

352. 

352. 

352. 

352. 

352. 

352 

5. 

328. 

328. 

328. 

328. 

328. 

328. 

328 

IF  YOU  UISH  A  .99  PROIABILITY  INTERVAL,  ENTER  ZERO 

IF  YOU  UISH  TO  ENTER  A  SMALLER  PROBABILITY  (FOR  A  NARROUER  INTERVAL) 

ENTER  ONE: 

7 

0 


1  I 


t 


TEST  SEQUENCE 

T  E 

TYPE 

ST  9ESCRIPT 
PARAMETER  VALUE 
NO.  1  10.  2  NO.  3 

I  0  1 

10.  4 

TOTAL  COSTCO ) 

LEVEL  NO.  1 

22371 . 

TEST  NO. 

2 

CYT 

71.00  -54.00 

5.00 

20.00 

22371. 

LEVEL  NO.  2 

36031. 

TEST  NO. 

3 

RVII 

6.00  7. SO 

0.0 

0.0 

36031. 

LEVEL  NO.  3 

17283. 

TEST  NO. 

1 

CT 

70.10  140.00 

1.0 

0.0 

17283. 

TOTAL  COST 

0 

75604. 
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INTERVAL  NTBF 


TINE 

:  NTBF 

2000. 

!  393. 

4000. 

395. 

4000. 

397. 

8000. 

399. 

toooo. 

401. 

12000. 

403. 

14000. 

404. 

14000. 

404. 

18000. 

407. 

20000. 

409. 
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STRESS  SCREENING  FLOW  1IAIRAA 


INC0MIN6  ! 

LEVEL  1 

!  LEVEL  2  : 

LEVEL  3  1 

(PARTS: 

ADEF  = 

:adef= 

(DEF* 

20000 

40. 

:  20. 

to. 

— > 

— >! 

— > 

(DEFECTS: 

TS= 

!  TS= 

TS* 

20. 

0.415 

!  0.444 

1 

0.312 

DEF  PASSED 

1 

!  DEF  PASSED 

DEF  PASSED 

23. 

:  23. 

1 

f 

20. 

*  I  « 

V  V  V 


( 

EXPECTED  ! 

FALLOUT:  ! 

1 

EXPECTEB 

FALLOUT: 

EXPECTED 

FALLOUT: 

1 

PRT  UKM  TOT! 

12.  25.  37.! 

1 

PRT  UKR  TOT 
3.  17.  20. 

PRT  UKM  TOT 
1.  12.  13. 

• 

UPPR  BND  FOR! 

OBS  FALLOUT:! 

1 

(JPPI  BNI  FOR 
OBS  FALLOUT: 

UPPR  BND  FOR 
UBS  FALLOUT: 

23.  40.  55.! 

1 

9.  30.  33. 

5.  22.  24. 

LOUR  BND  FOR! 

OBS  FALLOUT:! 

« 

LOUS  BNI  FOR 
OBS  FALLOUT: 

LOUR  IND  FOR 
OBS  FALLOUT: 

1 

3.  12.  21.! 

1 

1 

0.  4.  9. 

0.  3.  4. 

:  OUTIOINI  ! 


DEF  P  REM: 

3. 

IEF  U  REM: 

18. 

MTBFs 

392. 
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IF  YOU  HAVE  FALLOUT  NUHBERS  EITER  1,  IF  NUT,  ENTER  ZERO: 

7 

0 

IF  YOU  UISH  Tfl  ANALYZE  EQUIVALENT  SCREENS  ENTER  INE 
IF  NOT,  ENTER  ZERO: 

7 

0 

IF  TOU  HAVE  TINES  TO  FAILURE  FOR  LEVEL  III  ENTER  1, 

IF  NOT,  ENTER  ZEROl 

7 

1 

ENTER  NUMBER  OF  FAILURES  IURIR6  FINAL  SCREEN: 

7 

16 

ENTER  FAILURE  TINES  (HOURS),  IN  ORDER,  AS  PROMPTED: 

7 

8 
7 

14 

7 

20 

7 

27 

7 

34 

7 

41 

7 

54 

7 

61 

7 

68 

7 

77 

7 

86 

7 

96 

7 

107 

7 

118 

7 

129 

7 

141 

THE  FAILURE  TIMES  INDICATE  THAT  THE  ESTINATED  NUNIER 
OF  DEFECTIVES  ENTERIN6  THE  SCREEN  IS  33. 

AND  THE  ESTINATED  SCREENING  STRENGTH  IS  0.521 . 

READY 
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The  values  shown  in  Table  A.  2  were  obtained. 

Table  A. 2  Screening  Strength  Constants  for  Data  Taken  from 
Raw  Data. 


Constant 


G  Level 

B 

C 

D 

1 

6.006 

.500 

.201 

2 

4.004 

.500 

.401 

3 

3.003 

.770 

.401 

4 

2.279 

.268 

.720 

5 

4.004 

.500 

.801 

6 

2.697 

.551 

.751 

A. 1.3  Single  Model  Based  on  Averaged  Table  Data.  Since  C  *  .500 
occurred  frequently,  SAS  ML  IN  programs  were  run  with  C  fixed  at 
.500.  The  resulting  B  and  D  values  were  nearly  linear  as 
functions  of  g.  The  lines 

B  =  -  .375  g  +  5.047 
D  *  .0863  g  +  .273 

were  fitted  by  use  of  SAS. 

A. 1.4  First  Model  Based  on  Weighted  Averages  of  Table  Data.  In 
the  Grumman  tests  there  were  19  detectable  type  I  faults  and  12 
detectable  type  II  faults.  It  was  therefore  decided  to  weight 
the  averages  of  the  individual  percents  of  detected  faults  by 
using  factors  of  19/31  and  12/31,  respectively. 

Since  the  graph  of  time  versus  screening  strength  for  5  g 
vibration  level  was  somewhat  different  in  shape  than  the  graphs 
for  other  g  levels  and  since  lg  and  2g  are  relatively  low,  the 
values  were  found  for  3,  4,  and  6  g. 
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APPENDIX  A 


DEVELOPMENT  OF  SCREENING  STRENGTH  EQUATIONS 

A.l  Screening  Strength  Model  for  Random  Vibration.  Below  are 
the  steps  used  to  obtain  a  single  model  for  the  screening  stren¬ 
gth  of  random  vibration  tests.  Report  ADR  14-04-73.2  by  the 
Grumman  Aerospace  Corporation  (Grumman  Report,  Ref.  8)  supplied 
the  raw  data  for  the  model. 

A. 1.1  Models  Fitted  to  Data  Taken  from  Graphs  in  Grumman  Report 
First,  approximately  tiiteen  ordered  pairs  (t,  S5)  were  read  tor 
each  of  the  4  and  6  g  vibration  levels  from  the  graphs.  Type  I 
and  type  II  faults  were  averaged  within  each  g  level.  The  two 
resultant  curves  were  analyzed  and  a  model  of  the  form 

SS  -  D  (1  -  exp  (-tC/B)) . 

B,  C,  D  constants 

was  chosen  for  further  analysis.  The  SAS  NLIN  program  was  used 
to  find  the  best  values  of  B,  C,  and  D.  The  following  constants 
were  obtained  and  very  good  fit  was  exhibited. 

Table  A.l.  Screening  Strength  Constants  for  Data  Taken  from 
Graphs. 


G-Level 


Constant 

4g 

6g 

B 

6.557 

5.302 

C 

.935 

.806 

D 

.496 

.728 

A. 1.2  Models  Fitted  to  Data  Taken  from  Tables  and  Averaged. 
Since  the  Grumman  report  did  not  indicate  how  the  screening 
strength  curves  were  obtained  from  the  raw  data  it  was  decided 
to  fit  a  model  to  the  data  from  Tables  6  and  7.  Due  to  random¬ 
ness,  some  of  this  data  was  not  increasing  with  g.  Wherever  thi 
occurred,  an  average  failure  value  was  used  for  both  g  levels. 
Also,  the  average  values  2.5,  7.5,  17.5,  and  42.5  were  taken  for 
t,  time. 


Again,  SAS  NLIN  was  used  for  fitting 


Preceding  page  blank 


155 


r 

I 

i 

t;  was  monotone  increasing  with  g. 

\  A. 1.5  Final  Model  Based  on  Weighted  Averages  of  Table  Data.  Due 

to  experience  with  the  nonweighted  averages,  C  was  fixed  at  .500 
and  SAS  NLIN  was  used  to  find  the  best  corresponding  values  of  B 
and  D  for  3,  4,  and  6  g.  As  before,  these  values  were  nearly 
linear  as  functions  of  g.  The  lines 

B  -  .266  g  +  1.402 

D  -  .144  g  *  .0862 

were  fitted  using  SAS. 

Table  A. 5  Comparison  of  Single  Model  with  Weighted  Average 
Table  Data. 


g 

level 

Time , 

In  Minutes 

2.5 

mam 

17.5 

42.5 

3 

19 

.246 

.294 

.328 

H 

.226 

.278 

.355 

4 

rm 

.232 

.328 

— 

■BEM 

a 

.258 

.307 

US 

mm 

6 

m 

.319 

1 

.585 

.689 

m 

.307 

■■ 

.613 

.677 

#1.  Model  value. 

#2.  Weighted  average  of  table  data. 


A. 2  Screening  Strength  Model  for  Swept  Sine  Vibration.  Data  was 
obtained  from  tables  3  and  4  of  the  Grumman  Report.  Since  there 
were  19  detectable  type  I  faults  and  20  detectable  type  II  faults, 
a  weighted  average  was  used  for  screening  strength  at  each  value 
of  g  and  t.  Average  times  were  also  taken.  This  averaged  table 
data  follows  in  Table  A. 7  where  it  is  compared  to  screening 
strength  values  from  the  models  for  individual  g  levels  and  the 
single  model  which  has  parameters  time  (t)  and  g  levels. 

The  values  for  constants  for  B,  C,  and  D  were  computed 
with  SAS  NLIN  when  SS  was  fitted  to  the  table  data  for  swept 
sine.  They  were  used  for  computation  of  the  individual  model 
data  in  Table  A. 7  Constant  values  are  shown  in  Table  A, 8. 
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Following  are  comparisons  of  this  model  with  the  averaged 
table  data. 

Table  A. 3.  Comparison  of  Single  Model  with  Table  Data. 


g 

level 

Time,  in 

minutes 

2 

.5 

7.5 

17.5 

42.5 

1 

#1: 

.103 

.159 

.213 

.270 

#2: 

.042 

.042 

.084 

.167 

2 

#1: 

.137 

.210 

.277 

.348 

»2: 

.167 

.250 

.250 

.292 

3 

#1: 

.177 

.267 

.349 

.431 

#2: 

.271 

.292 

.355 

.428 

4 

#1: 

.222 

.333 

.428 

.520 

#2: 

.311 

.375 

.445 

.501 

5 

#1: 

.277 

.407 

.516 

.614 

#2: 

.311 

.375 

.465 

.627 

6 

#1: 

.342 

.494 

.614 

.714 

#2: 

.350 

.493 

.638 

.706 

#1:  SS  -  D  (1  -  exp  (-tc/B) ) 

#2:  averaged  table  data. 

Table  A. 4.  Screening  Strength  Constants  for  Data  from  Tables 
Using  Weighted  Average. 


Constant 


g  level 

B 

C 

D 

3 

3.003 

.500 

.401 

4 

2.536 

.  240 

.711 

6 

3.244 

.6  21 

.712 

SS  *  D  (1  -  exp  (-tc/B)) 


Parabolas  were  fitted  through  the  B  and  C  values  as 
functions  of  g  level.  A  half  parabola  was  estimated  through 
the  D  values.  This  approach  did  not  yield  an  SS  model  which 
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Table  A.  7  Comparison  of  Table  Data  with  Single  and 
Individual  Models. 


Time, 

in  minutes 

g 

level 

2.5 

ua 

17.5 

42.5 

Table 

mm 

.077 

.231 

1.5  Single  Model 

.102 

.190 

Individual  Model 

.113 

.167 

.208 

Table 

■ESI 

u 

.205 

.256 

3.0  Single  Model 

.222 

.280 

Individual  Model 

HI 

.136 

.203 

.256 

Table 

.103 

.205 

.359 

.538 

5.0  Single  Model 

.107 

.213 

.317 

.398 

Individual  Model 

.178 

.356 

.530 

.668 

Table 

.154 

.385 

.692 

10.0  Single  Model 

.185 

.370 

mm  ■sun 

.695 

Individual  Model 

.186 

.372 

.554 

.698 

Single  Model: 


SS  * 

D  (1  - 

exp 

C-tC/B) 

C  * 

.800 

B  Cg) 

=  .0176 

g  + 

7.097 

D(g) 

-  .0635 

g  + 

.1065 

"Compute . fort"  was  run  to  compare  the  resulting  single 
model  to  individual  model  and  table  data.  See  Table  A. 7. 
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Table  A. 6 


Comparisons  of  Single  Model  with  Models  Fitted  for 
Individual  g  Levels. 


g 

Time,  In  Minutes 

level 

10 

15 

20 

30 

40 

50 

x 

#1: 

.261 

.291 

.311 

.336 

.352 

.363 

#2: 

.264 

.286 

.301 

.317 

.322 

.332 

#1: 

.353 

. '77 

.395 

.420 

.438 

.452 

4 

#2: 

.354 

.3n8 

.410 

.437 

.445 

.462 

1 1 : 

.516 

.576 

.614 

.656 

.678 

6 

#2: 

.507 

.564 

.603 

.652 

.670 

m 

#1:  Models  fitted  for  each  g  level. 
#2:  Single  model: 


Note  that  the  values  on  the  charts  correspond  closely  and 
that  the  single  model  exhibits  other  desired  properties.  SS  is 
monotone  increasing  in  t  and  0<D<1,  t>o,  C>0,  B>0. 

But  0<D<1  for  .6<g<7.5.  ( .  5986  .  .  <  g<  7 . 543 .  . . )  and 

B  >0  for  g  >  0  . 

The  final  screening  strength  model  is, 

SS  -  D  (1  -  exp  (t‘S/B)),  t>0 
B  -  .266  g  ♦  1.402  ,  0 . 6  <  g  <  7 . 5 
D  -  .144  g  -  .0862 

Due  to  experience  with  other  SS  functions,  C  was  fixed  at 
.8  and  SAS  NLIN  was  run  again.  See  Table  A. 9 

It  appeared  that  the  5  g  constants  were  aberrant  so  lines 
were  fitted  to  the  remaining  values  of  B  and  D  as  functions  of  g. 
These  were 

B(g)  *  .0176  g  +  7.097 
D (g)  -  .0635  g  +  .1065 
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A. 3  Screening  Strength  Model  for  Sine  Fixed  Frequency 

Vibration-!  Raw  data  was  obtained  from  table  5  and  Figure  9 
of  the  Grumman  Report.  In  the  case  where  table  data  exhibited 
non-monotonicity  (reversals)  in  g,  the  average  was  taken  and 
used  for  both  values.  There  were  19  detectable  type  I  faults 
and  20  detectable  type  II  faults  so  a  weighted  average  was  used. 
Average  times  were  also  taken.  This  averaged  table  data  follows 
in  Table  A. 10  where  it  is  compared  to  screening  strength  values 
from  the  single  model  for  various  g  levels  and  the  models  for 
individual  g  levels. 

Table  A. 10  Comparison  of  Table  Data,  Single  Model,  and 
Individual  Models  for  Sine  Fixed  Frequency. 


Time,  Minutes 

g 

level 

2.5 

7.5 

17.5 

42.5 

1.5  Table 

.0 

.0 

.0 

.0 

Single  Model 

.054 

.066 

.077 

.090 

Table 

.0 

.051 

.103 

.103 

3.0  Single  Model 

.068 

.084 

.097 

.113 

Individual  Model 

.051 

.063 

.073 

.086 

Table 

.128 

.154 

.154 

WBOM 

5.0  Single  Model 

.091 

.111 

.129 

■ 

Individual  Model 

.109 

.133 

.154 

■ 

Table 

.154 

.205 

.231 

.231 

5.6  Single  Model 

.112 

.136 

.157 

.183 

Individual  Model 

.156 

.187 

.215 

.247 

Table 

.154 

.179 

.256 

.282 

10.0  Single  Model 

.180 

.217 

.250 

.288 

Individual  Model 

.171 

.207 

.240 

.276 

Table 

.230 

.230 

.286 

.336 

12.0  Single  Model 

.240 

.288 

.329 

.376 

Individual  Model 

.208 

.250 

.287 

.329 

Single  Model: 

SS  =  D  (1  -  exp  (-tC/B) 

B  =  -  . 4187g  +  8.620 
D  =  . 04354g  +  .3235  C  =  .200 
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Table  A. 8  Values  for  Constants  for  Individual  Models 
at  Four  g-Levels. 


g 

Level 

B 

C 

D 

1.5 

« 

7.007 

.800 

.221 

3.0 

8.809 

.600 

.401 

5.0 

14.242 

.789 

. 727 

10.0 

9.064 

.954 

.703 

Table  A. 9  Constants  for  B  and  D  with  Fixed  at  .800: 


g 

B 

D 

1.5 

7.007 

.221 

3.0 

7.2917 

.2734 

5.0 

14.253 

.7127 

10.0 

7.248 

.745 

The  single  model 

SS  -  D  (1  -  exp(-tC/B) 

C  *  .800 

B  *  .0176  g  +  7.097 
D  =•  .0635  g  +  .1065 

was  selected  for  0<t<60.0  and  0<g<12.0. 

SS  is  monotone  increasing  in  t  for  positive  B,  C,  and  D. 
C  is  always  positive.  B  and  D  are  positive  for  positive  g. 
Also,  0<D<1  for  g<12.0. 
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Lines  were  fitted  through  B  and  D  as  functions  of  g.  They  are: 

B  «  .4187g  _  8.620 
D  -  .04354g  +  .3235 
The  single  model  for  sine  fixed  frequency, 

SS  -  D  (1  -  exp  (-tC/B) 

C  -  .200 

B  »  ,419g  +  8.620 
D  »  .0435g  +  .324 

t>0  and  0<g<15.5  was  selected.  SS  is  monotone 

increasing  in  t  for  positive  B,  C,  and  D.  C  is  always  positive. 
D  is  positive  for  positive  g.  B  is  positive  for  0  g  15.5.  B 
is  monotone  decreasing  in  g  so  1  -  exp  (-t^/B)  is  monotone 
increasing  in  g.  Thus,  with  D  also  increasing  in  g,  SS  is 
increasing  in  g.  Also,  0<  D  <  1  for  0  <  g  < 15.5. 

A. 4  Screening  Strength  Models  for  Temperature  Screens. 
Following  is  a  description  of  the  method  used  to  obtain  the 
screening  strength  equations  for  temperature  screens.  The 
temperature  equation  is  an  adaptation  of  it. 


Figure  A-l.  Cycles  as  a  Function  of  Equipment  Complexity  (Ref  NAVMAT  P-9492) 
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The  values  for  constants  for  B,  C,  and  D  were  computed 
by  SAS  NLIN  when  SS  was  fitted  to  the  table  data.  The  values 
are  shown  in  Table  A. 11.  They  were  used  for  the  computation 
of  the  individual  model  data  on  Table  A. 10. 

Table  A. 11.  Values  for  Constants  for  Individual  Models  at 
Five  g-Levels. 


g 

level 

B 

C 

D 

3.0 

7.007 

.440 

.201 

5.0 

6.006 

.200 

.601 

6.5 

4.004 

.200 

.601 

10.0 

5.005 

.200 

.801 

12.0 

4.004 

.200 

.801 

Since  C  -  .200  occurred  frequently,  C  was  fixed  at  .200 
and  the  program  run  again  on  the  3g  data.  Fixing  C  at  .200 
yielded  the  constants 

B  -  8.800  and  D  -  .401 

for  the  3g  individual  model.  Thus  for  C  *  .200  the  constants 
are : 

Table  A. 12.  Values  for  B  and  D  with  C  Fixed  at  0.200. 


g 

B 

D 

3.0 

8.800 

.401 

5.0 

6.006 

.601 

6.5 

4.004 

•  .601 

10.0 

5.005 

.801 

12.0 

4.004 

.801 
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C/minute  or  less  and  temperature  extremes  within  -55  deg.  C  to 
♦  75  deg.  C. 

Only  slight  modifications  are  necessary  to  adapt  the  SS 
equation  for  temperature  cycling  to  constant  temperature.  For 
constant  temperature  DT  becomes  1.0  and  Ncy  3  0.0.  Replacing 
Ncy  is  T  *  (time  in  hours)  also  to  the  0.5  power.  The  range 
is  computed  from  25  deg.  C. 

The  revised  model  gives  reasonable  solutions  for  its 
wide  range  of  valid  input  parameters,  exhibits  consistency 
for  constant  temperature  and  temperature  cycling,  and  is  of 
the  same  general  form  as  previously  accepted  test  strength 
equations  without  exhibiting  their  inconsistencies.  Figures  1.5 
and  1.6  show  the  screening  strengths  for  the  temperature 
equations. 
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For  the  initial  analysis,  data  was  obtained  from  the 
temperature  cycling  curves  of  NAVMAT  P-9492,  shown  above  as 
Figure  A.l.  Comparisons  of  areas  under  the  curves,  reductions 
of  failure  rates,  and  other  forms  of  analysis  were  used  to  obtain 
data  points.  The  widely  used  5  deg.  C/minute  rate  of  temperature 
change  and  100  deg.  C  temperature  range  were  assumed. 

An  exponential  function  was  fit  to  the  data.  However, 
examination  of  a  grid  of  screening  strength  values  computed  using 
this  equation  for  typical  ranges  of  the  input  parameters  indicat¬ 
ed  that  the  computed  screening  strengths  were  higher  than  gen¬ 
erally  accepted  test  strengths. 

Following  extensive  analysis,  a  set  of  subjective,  but 
widely  acceptable,  screening  strength  values  was  fixed  for 
10  deg.  C  to  110  deg.  C,  range  from  2  to  18  deg.  C/minute 
temperature  rate  of  change,  and  5,  10,  and  20  cycles.  Curves 
were  sketched  through  the  set  of  points  and  additional  data 
points  were  read  from  the  graph.  An  equation  which  closely  fit 
these  data  points  and  exhibits  other  desired  properties  follows: 

SS  -  D  ^1.0  -  exp  (-0.0023  x  (Ln(e  +  DT) ) 2  *  7xNcy  *  5xR'6)^  (A-l) 

D  -  0.85 

DT  *  temperature  rate  of  change  (deg.  C/min) 

1<  DT  <  20  (see  below) 

Ncy  *  number  of  repeated  cycles 

R  *  temperature  range  (deg.  C)  =  high  temperature  -  low 

temperature 

high  temperature  <  75  deg.  C;  low  temperature  >  -55  deg.  C 
SS  *  screening  strength 

Examination  of  a  grid  of  screening  test  strength  points 
computed  using  the  above  equation  revealed  reasonable  values  for 
reasonable  values  of  the  input  parameters. 

Since  extremely  low  rates  of  change  do  not  yield  real 
temperature  cycling  stress,  the  equation  is  not  to  be  used  for 
DT  less  than  1  deg.  C/min.  If  low  rates  of  change  for  screening 
strength  should  be  computed  use  the  modifications  for  constant 
temperature  given  below. 

Also,  the  data  considered  did  not  include  extremely  high 
rates  of  change  or  extremely  large  ranges.  Therefore,  the 
equation  is  only  proposed  for  rates  of  change  of  20  deg. 
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If  it  is  desired  to  make  inferences  on  one  or  the  other 
of  SS  or  p  this  can  be  done  as  shown  in  the  following  example: 

Example  Suppose  that  the  planned  values  of  p,  S3  are  respec¬ 
tively,  0.005,  0.70  and  that  N  *  10,000  "parts". 

After  an  assembly  level  temperature  cycling  screen 
X  ■  17  dropouts  are  observed. 

The  planned  mean  number  of  drop-outs  »  Up  =»  10,000 
(0.005)  (0.70)  *  35  and  the  lower  and  upper  bounds 

from  the  adaptive  routines  are  (20,  51)  and  since 
17  does  not  lie  between  20  and  51  (inclusive)  the 
screen  has  not  behaved  as  planned.  Assuming  the 
planned  p  *  0.005  is  about  correct  =*  Vjp  obs.  drop-outs 
■  17  «  NpSS.  This  means  SS  =  17/50  a  0.34. 

This  estimated  screening  strength  is  considerably 
different  than  0.70  and  an  adjustment  in  the 
screening  parameters  is  indicated.  If  a  confidence 
interval  on  the  true  SS  (assuming  p  a  0.005  is  cor¬ 
rect)  is  desired  it  can  be  obtained  from  a  con¬ 
fidence  interval  for  Pp.  Based  on  X=17  a  0.99  con¬ 
fidence  interval  is  (see  page  190,  Handbook  of 
Probability  and  Statistics,  Chemical  Rubber  Co., 
1966  Cleveland,  Ohio  44114  for  ready  to  use  tables) 

P(8.2  <  H  <  20.7/X=l7,pa0.005)»0.99 

Dividing  each  endpoint  by  Np  *  50 

P( 0 . 164  <  SS  <  0 •  614/X=17 ,p=*0 . 005 ) *0 . 99 

and  (0.164,0.614)  is  and  0.99  confidence  interval  for  SS. 

The  SDO  model  has,  in  addition  to  the  expected  total 
dropouts  (and  the  accompanying  0.99  bounds)  the  similar  numbers 
for  part/component  dropouts  and  wcrkmanship/manuf acturing  defects 
separately.  Thus,  if  the  user  can  classify  failures  into  two 
categories:  parts/components  versus  workmanship/manufacturing 

separate  checks  can  be  made  of  the  expected  dropouts  as  described 
in  the  above  example. 

B.1.2  Adaptive  Screening  for  Unit/System  Level  Screens:  In  a 
unit/system  level  screen,  failures  that  are  precipitated 
will  be  repaired;  an  entire  unit  or  system  will  not  be 
discarded.  Thus  a  model  is  needed  to  compute  the  expec¬ 
ted  number  of  failures  in  the  selected  test  time  T.  In 
Ref.  22,  a  Chance  Defective  Exponential  (CDE)  time-to- 
failure  distribution  was  introduced: 

P  (unit  lifetime^ t)  =  [exp  -  (a^-h^  (l-e'V))]  ,t  >0,  a^a^X) 


168 


appendix  b 

STATISTICAL  ASPECTS  OF  ADAPTIVE  SCREENING 

B.l  Adaptive  Screening  One  of  the  cardinal  "rules-of-thumb" 
of  stress  screening  is  that  a  screen  should  never  be  selected  or 
applied  without  an  idea  of  its  screening  strength  (SS  *  proba¬ 
bility  of  detecting  a  latent  defect  given  that  a  latent  defect 
is  present) . 

In  order  to  monitor  and  control  a  stress  screening 
program,  even  one  consisting  only  of  a  single  screen,  it  is 
necessary  to  compare  the  actual,  results  of  the  screen  to  the 
planned  results .  The  results  ci  a  screen  are  commonly  of  two 
forms : 


i)  number  of  dropouts/ failures 
ii)  times  to  failure 

The  first  is  usually  called  "attribute"  data  and  the  latter  is 
called  "variables"  data. 

B.1.1  Adaptive  Screening  for  Dropout/Failure  Data; 

Suppose  that  prior  to  the  running  of  a  given  screen  the  planned 
(from,  say,  the  screening  strength  equations)  SS  ha3  been  deter¬ 
mined;  suppose  also  the  same  is  true  of  the  incoming  latent 
defect  rate  p.  Further,  let  N  denote  the  known  or  estimated  to¬ 
tal  number  of  opportunities  for  latent  defects  to  occur  (usually 
parts,  connections,  solder  joints,  etc.).  The  probability  dis¬ 
tribution  of  X,  the  number  of  drop-outs,  is 

P(X-x)  -  (pSS)X  (l-pSS)N_x,  that  is 


X  has  a  binomial  distribution.  Since  pSS  is  usually  quite  small 
(e.g.  <  0.01)  and  N  quite  large  (e.g.  >  1000)  the  Poisson  dis¬ 
tribution  is  used  (in  the  adaptive  routine  of  the  SDO  model); 


P(X=x)=(e‘V  /)/x!  y=NpSS. 


The  SDO  adaptive  routine  uses  the  planned  values  ( from  the  main 
program)  for  p  and  SS  to  compute  NpSS  =  u  and  using  a  computer 
routine  prints  out  the  upper  and  lower  bounds  on  the  total 
OBSERVED  number  of  drop-outs  based  on  a  0.99  probability  inter¬ 
val.  That  is,  if  the  observed  number  of  drop-outs  (symbolized  by 
X  above)  is  outside  the  bounds,  the  screening  is  not  behaving  as 
planned . 
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APPENDIX  C 


THE  CHANCE  DEFECTIVE  EXPONENTIAL  (CPE)  MODEL 
The  CDE  Model: 

Fa(t)-P(pnit  life  >t)-exp  £  -Ugt-h^  (1-«"V))]  (C"1) 

is  extremely  attractive.  It  arises  from  reasonable  physical  con- 
siderations  and  it  can  furnish  a  direct  (unconfounded  with  p)  es¬ 
timate  of  screening  strength  (SS). 

Actually  the  CDE  of  C-l  involves  two  assumptions  that 
need  not  be  made  and  that  do  not  seem  to  improve  it's  trac- 
tability.  The  assumption  that  the  probability  distribution  of  n 
(the  random  number  of  latent  defects)  is  Poisson  (with  mean  a^ 
*Np)  may  be  replaced  by  the  exact  binomial  distribution: 


P(n)  ■  pn(l-p)  1,-11  (p  ■  the  probility  of  a  latent  defect) 

Also  it  was  assumed  that  the  total  failure  for  all  of  the  good 
parts  (of  which  there  are  actually  U-n)  is  a  constant  aQ .  If 
we  write  a L  for  the  failure  rate  of  a  single  good  part  and 
remove  both  of  these  assumptions* 

Fs(t)  -  [(1-p)  ♦  pe'a2t]!f 


The  form  (C-l)  of  the  CPE  has  three  unknown  paraiwters  a  *  (a0,  a. ,  a-) 
while  the  "exact"  CDE  above  has  four  parameters  -  or  does  it? 
The  parameter  N  is  known  so  that  the  only  unknown  para¬ 
meters  are  a^  ,  a^  ,  p. 


A  quantity  of  interest  is  the  probability  that  a  defec¬ 
tive  unit  (symbolized  by  D)  will  live  through  the  test  i.e.  (if t* 
unit  life),  P(t  >  T/D) ,  it  can  and  has  been  shown  that:' 


P(t>T! D) 


(C-2) 


The  screening  strength  (SS)  per  latent  defect  is 

Preceding  page  blank  1?i 


It  will  b«  assumed,  as  in  Ref.  22,  that  the  unit/systera  failure 
process  is  a  Nonhomogeneous  Poisson  Process  (NHPP)  with  the  mean 
value  function  (say  M(t))  of  the  CDE s 


M(t)-Exp«ct«d  #  of  occurrences  in  (0,t)“aQt+*j(l-« 


2  } 


The  CDE  arises  naturally i  assuming  that  a  group  of  N  parts  con¬ 
tains  n<<N  latent  defect  parts  with  constant  failure  rate  ;  a 
large  number  (IJ-n)  of  good  parts  with  constant  failure  rate 
(for  the  totality  of  good  parts)  ag ;  and  expected  number  of 
latent  defect  parts  a,«£jp  (p ■  the  incoming  latent  defect  rate) 

3f  : 


then  the  probability  o“f  survival  of  a  system  comprised  a  total  of 
H  parts  (given  n  latent  defective  parts)  is  P  (system  live  >  t/n 
bad  parts) 


(e 


•V) 


Multiplying  bv  probability  of  n  latent  defective  parts,  namely 

(e”*l  a^)/n! 

and  summing  out  n,  the  unconditional  survival  distribution  is 
P(uait  life  clme  >t)»  P#(t)-exp  -[  agt+a^lW)] 


Since  a,  •  Hp,  a.  ■  N  Ag  ■  failure  rate  of  a  good  part,  a_  «  Wg 
( latent1  defect  failure  rate); 


PLANNED  values  of  a  -  (aQ,  aj,  a2> ,  say  a*  -  (a*,a*,a*) 

can  be  obtained.  The  planned  expected  number  of  occurrences  in  a 
screen  of  length  T  is  A 

M(T)-aJ  T  +  a  *  (1  -  e  "*2T) 

and  this  is  the  value  computed  by  the  adaptive  routine  at  the 
unit/system  level  screens . 

When  the  actual  failure  times  (during  the  unit/system 
level  screen)  are  available,  which  is  usually  very  costly,  the 
parameter  vector  a  might  be  estimated  and  more  extensive  data 
analysis  performed.  This  topic  is  discussed  in  the  Appendix  C. 
At  this  point  such  data  analysis  is  too  costly  and  intractable 
for  the  adaptive  routine. 
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maximizing  vector  a  are  said  to  be  the  maximum  likelihood 
estimates  (MLE's).  On  the  other  hand  one  might  differentiate 
(C-4)  or  its  logarithim  with  respect  aQ,  .a,  ,  a-,  and  iter¬ 
atively  solve  three  equations  in  three0 unknowns . 


There  are  non-trivial  problems  with  either  approach , 
starting  points  are  required  and  these  are  not  easy  to  come  by. 
Also  the  orders  of  magnitude  of  a-,  a,,  a-,  are  quite  different 
which  causes  other  problems.  Usually ^gooa  starting  points  are 
obtained  by  using  another  method  of  estimation.  For  example  the 
moment  estimates  of  a  say  a  (aQ,  a,,  a_)  could  be  used  as  start¬ 
ing  points  or  in  the  worst~case  they  could  be  used  as  estimates 
directly.  Unfortunately  the  moments  of  the  CDE,  even  the  first 
(the  mean)  are  intractable.  All  this  discussion  leaves  aside 
the  important  question:  over  the  space  of  all  possible  observed 
data  {t..}  for  which  sets  of  t. .  will  the  maximum  of  (C-4)  exist 
and/or  64  unique? 


However,  assuming  a  user  can  obtain  estimates  of  a 
which  to  him  are  satisfactory  the  direct  estimate  of  SS  can  be 
obtained,  namely,  j^-a^T 

In  fact,  there  is  another  approach  to  estimating 
a.  It  is  the  non-linear  squares  approach  using  the 
observed  cumulative  failures  as  the  dependent  variable  and 
fitting  the  observed  cumulative  failures  to  the  mean  value 
function , 

M(t)  -  aQt  +ax  (1-e  *2  ) 


Prom  a  purely  statistical  standpoint  this  method  is  not  as 
satisfying  as  the  maximum  likelihood  method.  Indeed  the 
method  considered  here  would  better  be  called  "pseudo"  least 
squares.  The  UCLA  BIOMED  CAL  non-linear  least  squares 

Program  (BMD07R)  seems  to  have  problems  of  convergence  and 
starting  points  as  welJ . 
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SS  -  1  -  exp  (-a^T) 


(C-3 ) 


Thus,  if  a.  can  b«  estimated  the  component  screening  strength 
can  be  estimated  directly  (i.e.  without  being  confounded  with  the 
incoming  latent  defect  rate  p.) 


In  fact  the  only  method  of  estimating  SS  directly 
(other  than  the  above  method)  which  is  known  Is  that  of  "seeding" 
latent  defects  so  that  the  'number  initially  present  is  known. 

This  latter  approach  has  serious  shortcomings.  For  example  some 
latent  defects  are  impossible  to  seed  or  perhaps  a  better  word 
would  be  impossible  to  "simulate". 

Unfortunately,  obtaining  estimates  of  the  vector  a 
in  the  CDE  model  is  difficult  even  though  Fertig  (Ref.  22) 
presented  some  successful  cases. 

The  likelihood  function  (i.e.  the  joint  probability 
density  of  the  failure  times)  is 

n  (1  -  F(T  ;  a  )  n  (a.  +  a.  a,  e  ~Vij)  {C“4) 

j-1  1  1-1  0  1  2 

where:  a  -  number  of  systems  under  test  (screen) 

Tj  ■  length  of  test  for  jth  system 


r 


j 


-  number  of  failures  observed  on  the  jth  system 


t^  *  the  ith  the  failure  time  (i*l, . . • , r-  )  on  the 
jth  system  J 

tij  <  ti*l,  j  *  1  "  1»*“*  rj*x 
1-F(T. ;a)  «F  (T)  given  in  (C-l) 

J  8 

Usually  the  N  systems  are  all  on  the  same  screen  and  hence  Tj=  T 
for  all  j.  It  is  also  not  uncommon  that  N  -  1. 


In  any  case,  based  on  the  failure  times  the  function 
(in  C-4))  can  theoretically  be  evaluated  by  optimization 
techniques  to  find  the  vector  a  -  (aQ,  a  a  )  which  makes  (C-4) 

The  components  of  the 


i -  -  •  *  w  s,  k  w  i  a 

the  largest,  i.e.,  maximizes  (C-4) 
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APPENDIX  E 


LONG  TERM  FIELD  RELIABILITY  IMPROVEMENT  THROUGH  NATURAL 

latent  "defect  reduction 

If  N  represents  the  total  number  of  opportunities 
(parts,  solder  joints,  connections  et.  al.)  for  a  latent  defect 
and  if  p  is  the  probability  of  occurrence  of  a  latent  defect, 
then  when  an  assembly,  unit  or  equipment  has  been  constructed  the 
probability  that  exactly  n  of  the  N  opportunities  represent 
latent  defects  is  given  by  the  binomial  distribution: 

P(n)  -  (JJ)  pn(l-p)N'n 


which,  because  N  is  usually  large  and  p  usually  small,  is  well- 
approximated  by  the  Poisson  distribution. 


However,  the  major  point  of  consideration  is  the  be¬ 
havior  of  n  (the  number  of  latent  defects)  and  p  (the  latent 
defect  rate  or  probability  of  occurrence)  as  the  unit  is  operated 
for  a  long  time  in  the  field.  Indeed  suppose  each  time  the  unit 
fails,  with  constant  rate  (N-n)Ag  for  the  good  "parts"  and  con¬ 
stant  rate  nklg  for  the  bad  "parts",  that  it  is  repaired  with  a 
good  "part"  with  probability  1-p  and  repaired  with  a  bad  (latent 
defect)  "part"  with  probability  p.  That  is,  it  is  assumed  that 
the  repairs  are  made  at  the  same  (latent)  v'^fect  rate  as  that 
which  previously  existed  (when  the  unit  was  built).  The  factor  k 
>  1  is  the  ratio  of  the  latent  defect  failure  rate  to  the  good 
part  failure  rata. 


It  can  be  shown,  that  as  t  (operating  time)  -*» 

P(n)  -  (JJ)(p*)n(l-p*)N‘n  (E-l) 


where  p*  * 


k(l-p)  +  p 


This  does  not  mean  that  the  random  number  of  latent  defects,  n, 
will  approach  a  constant  and  stay  there;  it  means  that  n  will 
vary,  with  mean  Np*.  It  also  means  that  the  long-run  latent 
defect  probability  is  p*. 

Note  also  that  since  k  >  1,  p*  <  p  always. 
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APPENDIX  D 


APPROXIMATION  OP  SCREENING  STRENGTH  USING  OBSERVED  MTBF 


Her*  it  is  assumed  that,  at  the  equipment  or  system 
level,  estimates  of  the  MTBF  with  and  without  a  particular 
"screening  sequence"  (perhaps  consisting  of  only  one  screen) 
are  available. 

Let  N  be  the  number  of  opportunities  (parts  connections) 
for  the  occurrence  of  a  latent  defect  in  an  equipment  or  system. 
Then,  in  terms  of  expected  values,  the  system  failure  rate  at 
time  t  •  0  and  prior  to  a  screen  is 

Xu.s.  "  N  <x-P)Xg  *  NpkXg  (D“1} 

where i  k  >  1  is  the  factor  which  when  multiplied  by  the 
non-def active  part  failure  rate  yields  the 
latent  defect  part  failure  rate;  p  is  the 
latent  defect  occurrence  probability  (rate)  and 
u.s.  represents  unscreened. 

After  the  screen,  in  terms  of  expected  values  the  equipment/sys¬ 
tem  failure  rate  is 


Xs  .  N  £(l-p) (1-SS)]  Xg*  NpkXg  (I-SS)  (D-2) 

where;  SS  is  the  screening  strength  of  the  screen.  Using  0-1) 
and  (D-2) 


SS  - 


u.s. 


-X  )/(X 

3J  K  U. 


S. 


-NX) 


XS  >  NX 


The  largest  SS  can  be  is  when  NX»X  ;  then  SS  is  one.  The 
smallest  SS  can  be  is  when  NX-*0  and  then  it  is  1  -  (X  /X  ) 

MTBF,,  .  s  u.s. 

«  l  -  - y.:..5.--  . 

MTBF 


Example:  Suppose  that  two  pieces  of  electrical  equipment  have 

MTBF's  (field  observed)  of  100  and  250,  respectively, 
and  that  the  first  (100  hr.  MTBF)  has  been  unscreened 
while  the  latter  (250  hr.  MTBF)  was  subjected  to  a  15 
min.  6g  (RMS)  random  vibration  screen.  Then  the 
strength  of  that  screen,  namely  SS,  is  at  least 
1-100/250  -  0.6. 
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Examples  Suppose  U  -  2000,  p  »  0.005, Ag  *  10  and  k  «  2x10  . 
Then 

n*  rn  0 » 005  ■  2.5  x  10  6 

v  1990  +  .005 

An  important  question  is:  how  long  does  it  take  to  ap¬ 
proach  (E-l).  The  mathematical  result  requires  t  ■*  00  .  The 
accompanying  three,  figures  give  an  idea  of  the  rate  of  decrease 
for  nine  typical  cases:  p  «  .001,  .005  and  .01, 

p  ■  0.001,  0.005,  and  0.01 

H  -  2000,  10,000,  and  20,000 


A 


g 


2  x  10 


-4 


The  data  in  the  three  figures  were  derived  from  a  simulation 
program  which  simulated  failures  of  both  good  and  bad  parts  and 
replacement  of  the  failed  part  from  populations  containing  p 
fraction  defective. 
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TABLE  F.l  SSM  Internal  Constants 
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APPENDIX  P 


MODEL  COMPUTER  PROGRAM  LISTINGS 

The  three 

computer  programs  comprising  the  SSM  are. 

1) 

PREFIX 

2) 

SDOl 

3) 

ADAPT 

Listings  of  those  programs  are  contained  in  this  appendix.  Below 
is  a  table  of  internal  constants,  identifying  the  values  assigned 
to  the  constants  and  the  line  number  in  the  program  where  that 
constant  can  be  found.  This  enables  the  user  to  modify  the 

program  by  altering  the  constants  to  more  closely  fit  the  users 
otm  hardware  characteristics,  production  processes  and  screening 
conditions . 
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PROGRAM  LISTING  FOR  PREFIX.  SDO.  FORT 
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Description  Internal  Value  Lines  in  Program  Where  Appears 

Detection  Probability  1  Progran  SD01.F0RT,  line: 

(probability  of  detection  is  DATA  390 

inherent  in  screening  strength 
equations) 
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RCAO  (*.»>  6(1  INI  1  ( KZ ) .8MAX12 I KZ I  .  .  MAIN  560 

K1IN12(KZ)*0.  .  MAIN  570 

IF  ( OPTC. EQ.l .0  >  BMIN12(KZ)*BrtAX12(KZ>  . MAIN  500 

eKAXll(KZ>*6MINll(KZ)  . MAIN  590 

60  TO  100  .  MAIN  400. 

64  If  (ISCS(KZ).NC.2)  60  TO  44  .  MAIN  610 

WRITE  (6.6101  KZ  ...  MAIN  620 

it  ioptc.iq.i.i  40  to  to  .  main  630 

WRITE  (4.4201  ...„  .  MAIN  640 

rcao  (5.»i  rocrr  _  ..  main  650 

If  (IDCTT.NC.OI  60  TO  70  _  MAIN  660 

CKAX21IKZ  1*71.0  _ _  MAIN  670 

CnlN21(XZ)*71.0  _  ....  MAIN  600 

e»lAX42(KZJ«-S4.0  „  ..  MAIN  690 

4MXN22(KZ>*-54.0  . MAIN  700 

6HAX23(KZ)*S.O  .  MAIN  710 

0(tlN23(KZ)*S.4  MAIN  720 

8MAX24(XZ»24.0  MAIN  730 

8»XN24(KZ>«4.6  MAIN  740 

IF  (OPTC. EQ.l. 61  6MIN24(KZ)*S(1AX24(KZ>  MAIN  750 

60  TO  144  MAIN  760 

70  WITt  (4.4301  MAIN  770 

RtAO  (S.*>  BHAX2KKZ)  >4MAX22(KZ).8HAX23( KZ).8MAX24(KZ)  MAIN  700 

6HIM24(KZ)*0.  MAIN  790 

IF  (OPTC. EQ.l. 01  8MIN24( KZ )*0MAX24( KZ >  MAIN  000 

CM!M:i(KZ)*eMAX21(KZ)  MAIN  010 

BHIM22(KZ)*8MAX22(KZ)  MAIN  020 

CMIN23(KZ)*8MAX23(K2>  MAIN  030 

60  TO  140  MAIN  040 

00  IF  ( ISCSI KZ) .N4. 3 >  60  TO  120  MAIN  050 

WRITE  (6.4401  KZ  (IAIN  060 

IF  (OPTC. EQ. 1.0)  60  TO  90  MAIN  070 

WRITE  14.450)  MAIN  000 

RCAO  (S.*l  IOffV  MAIN  090 

IF  (IDRV.ME.i)  60  TO  90  MAIN  900 

CUX31(KZ>-4.0  MAIN  910 

CMIN31(KZ)*4.0  MAIN  920 

BMAX32(KZ)*10.0  MAIN  930 

e.1IH32(KZ)*0.0  MAIN  940 

IF  (OPTC. EQ. 1.0)  BMIN32(KZ)*8MAX32(KZ)  MAIN  950 

CO  TO  100  MAIN  960 

90  WRITE  (4,460)  MAIN  970 

REAO  (5.*)  0MAX31 ( KZ ) ,ENAX32( KZ )  .  .  .  MAIN  980 

IF  (8nAX31(KZ).LE.7.5l  60  TO  100  .  MAIN  990 

BMAX31(KZ)*7.S  MAIN1000 

WRITE  (4,470)  . MAIN1010 

60  TO  110  _  MAINX020 

100  IF  (BMAX31(KZ).6C.0.6)  60  TO  110  MAIN1030 . 

4MAX31(KZ)*0.6  .  NAIN1040 

WITE  (6.440)  '  MA INI 050 

110  eniH32(KZ)*0.0  MAIN1060 

CSIDIIKKZ  )*0MAX31(  KZ )  MAIN1070 

IF  (OPTC.EQ.l.OI  BMIN32 ( KZ ) -BMAX32 ( KZ )  MAIN1080 

60  TO  160  NAIM1090 

ISO  IF  (ISCR(KZ).NC.4>  60  TO  ISO  NAIN1100 
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* 

!  . 


130 

140 

ISO 


140 

170 

ISO 


190 


worn  (t,49oi  kz 
17  (OPTC.IQ.l.)  00  TO  130 
lair*  (4,foo) 

0(40  IS.* I  IOSSV 

XP  ( I0S3V.Nl . 0 )  00  TO  130 

8M4X41(KZ)«4.0 

B«N41(KZ)«4.0 

8)14X421  KZ  >*10.0 

8HXN42(KZ)*0.0 

IP  (OPTC.2Q.1.0 )  BMXH42(KZ)*Bt1AX42(KZ) 
CO  TO  100 

lam  (4, sioi 

0240  IS.* I  8HAX41(KZ).BnAX42(KZ) 

IP  ( 0IUX41  ( KZ ) .  12 . 14 . 0 )  00  TO  140 
BHAX4MKZ  1*14.0 
WXT2  (4,120) 

Bt11H42(KZ)*0.0 

IP  (OPTC.EQ.l.O)  BM IN42  ( KZ)  *0)14X42  (KZ) 
BKIH41(KZ)*8HAX41(KZ) 

CO  TO  UO 

IP  (XSOIIKZI.Mt.S)  00  TO  190 

WITI  (4.0301  KZ 

IP  (OPTC.IQ.l.)  00  TO  140 

ism  (4,S40i 

0240  (S.*l  XD9PV 

IP  <  XO3PV.MC.0)  CO  TO  140 

oruxsi(KZ)*4.o 

eni)<si(KZ)«4.o 

OrUX52(KZ)*10.0 

8niKS2(KZ)*0.0 

XP  (OPTC. 20.1.0)  BnXNS2(KZ»B)14XS2(KZ> 
CO  TO  100 
taXTC  (4,550) 

0240  (S.*l  BH4X3KKZ )  ,8)14X32  ( KZ ) 

XP  (OHAXSlIKD.Ll.lS.S)  CO  TO  170 

8tlAX51IKZ>*li.S 

taXTZ  (4.540) 

CHIMS2(KZ)*0.0 

XP  (OPTC. 20. 1.0 1  BMXNS2( KZ )*8H4X52( KZ ) 
BnX)Sl(KZ)  *8)14X51  (KZ) 

U0IT2  (4.570)  KZ 
0240  (S.»)  4141 KZ) 
lam  (4.500) 

0240  (5.*)  B14IKZ) 

IP  ( 8141  KZ). IQ. 0.0)  B14(KZ)*CPH0 
D2IKZ)«0. 

WITZ  14,590) 

0240  (5.*)  031 KZ) 

ISXTZ  (4,400) 

0240  (5.*)  402P1KZ) 

XP  (402PI 1  ),(Q.0.0 1  402P( 1 )* . 002 
XP  (4O2P(2).(fl.0.0)  40EP(2)*.901 
XP  ( 40CP( 3) ,(0.0.0 1  40EP(3)*,OOOS 
CONTINUE 
00  200  115*1,3 


H4XN1110 
H4XN1120 
M4XN1130 
HA INI 140 
H4IN11S0 
HA  INI 140 
KAIN1170 
114  INI  180 
IUXN1190 
..  H4XN1200 
H4XN1210 
H4IN1220 
..  .  H4XN1230 
H4IN1240 
N4IN12S0 
H4XN1260 
H4XN1270 
H4XN1200 
N4XN1290 
114  INI  300 
H4XN1310 
n4XN1320 
H4IM1330 
MAIN  1340 
N4IN1350 
HA INI 360 
IUIN1370 
HA  INI  380 
M4XN1390 
N4XN1400 
H4XN1410 
N4XN1420 
IUIN1430 
HAXN1440 
N4XN1450 
(14XN1460 
N4XN1470 
NA INI 490 
HAIN1490 
NAIN1500 
NAIN1510 
tUX)IX520 
(141)11530 
HA INI 540 
N4XN1550 
HAIN1560 
HAIN1570 
HA IN 1580 
H4XN1590 
H4XN1600 
HAIN1610 
H4XN1620 
H4XN1630 
HAXN1640 
H4IN1650 
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200 


210 

220 


230 

240 

250 

260 

270 


200 

200 


IF  (ISCRIXXSI.LE.O)  ISOM XX3 1*1 

mite  <2.»)  i sea 
mite  (o,»»  f 

...  HAXN1660 
MAXH1670 
HAXN1680 

00  220  i>«ex*i.h 

HAXM1690 

DO  220  IN0EX2*1,5 

HAXN17Q0 

ouai*iooo. 

HA INI 710 

oum2*iooo. 

HAXN1720 

IF  (ISCRI INDEX). EQ.IN0EX2)  GO  TO  210 

MAIN1730 

MITE  CIO.*)  0UH81.0UK82 

HAIN1740 

CO  TO  220 

MAIN1750 

MITE  (10.*)  me  INDEX  ),B1A(IN0EX> 

MAIN1760 

CONTINUE 

HA INI 770 

MITE  (11.610)  P 

HA  INI 780 

MITE  19.620)  81 >02 

HAIN1790 

00  230  1*1,3 

HAXN1800 

MITE  (12,*)  BHAX1K I )  ,8MIN11(  I ) 

HAIN1810 

MITE  (12,*l  6MAX12(I),BHIN12(I) 

HAIN1820 

MITE  (12, *1  6HAX2K  I )  *6HIN21(  I ) 

HAIN1830 

MITE  (12,*)  8MAX22(I),SHIN22(I) 

HAIN1860 

MITE  (12.*)  BHAX23<I),eHIN23(I> 

HAIN1850 

MITE  (12.*)  6HAX24I I ) .BHIN24I  I ) 

HAIN1860 

MITE  (12,*)  BHAX31I I )  ,BI1IN31(  I ) 

HAIN1870 

MITE  (12,*)  8HAX32C I ) .BMIN32I I ) 

HA  INI 880 

MITE  (12.*)  BHAX4K  I )  ,CMIN41(  I ) 

HAIN1890 

MITE  (12, *1  8HAX42(I),Bf1IH42(I) 

HAIN1900 

MITE  (12. »)  BtUXSlIIJ.BnXNSKI) 

MAIH1910 

MITE  (12.*)  BMAXS2(  1 )  .BMIN52I  X ) 

HA  INI  920 

CONTINUE 

HAIH1930 

MITE  (6,»1  NCYC.H.NPARTS.CREqO.E.XTV.XMTBF.CPMR 
MITE  (6.630) 

HA INI 960 
HAIN1950 

MITE  (6,»)  POEF 

HA INI 960 

00  260  IX*1.H 

HA  INI  970 

MITE  (6,»  1  AOEF(IX) 

HAIN1980 

MITE  (6,6301 

HAIN1990 

DO  260  ix*i.h 

HAIN2000 

00  250  IU*1.5 

HAIN2010 

MITE  (6,*>  B2(IX),83(XX> 

CCITINUE 

HAIN2020 

HAIN2030 

GO  TO  300 

HA  I*  *2040 

MITE  (6.6601 

HAIN2050 

MITE  (6.650) 

HAIN2060 

READ  (5.*)  XMTBF 

HA  1)12070 

IF  (XMTBF. EQ.0. 1  GO  TO  280 

HAIN2080 

CRECO*0. 

HAIN2090 

SO  TO  290 

HAIN2100 

MITE  (6,660) 

HAIN2110 

READ  (5.* 1  CREQ0 

HAIN2120 

IF  1 CREQ0. ME. 0.0  )  GO  TO  290 

HAIN2130 

CHEC3=i.E10 

HAIN2140 

OPTCn.O 

HAIN21S0 

MITE  (6.670) 

HAIN2160 

READ  ( 5.*  1  HP ARTS 

HAIN2170 

MITE  (6.680) 

HAIN2180 

READ  (5,»)  XUHP1.XUMC1 

MAIN2190 

IF  (XLAMP1.E0. 0.0 )  XUMPl*l.E-7 

HAIN2200 
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• - rww*  ■" 


c 

c 


MO 

c 

no 

MO 


330 


340 

350 


3*0 

370 

300 

300 


000 


010 

000 


OM 


040 

050 

040 

070 

000 


xf  (xuici.EQ.0.0)  xuncm.c-io 

XLAHP2*t.C3»XLAHPl 

XLAMC2»1.E3*XUU1C1 

((0P»21.4»NPAPT3 

uorrt  us. »>  nop.xlampi.xumpe.xlamci.xlamce 
tarn  (o.oool 
read  (s.»i  ntr 

WITE(  0.504) 

reao(S.«icphr 

CFHR«30. 

C3  TO  10 
STOP 


MXNttlO 
HAXH2220 
HAIN2230 
HAXN22O0 
MAXM22SQ 
HADI2240 
H4IN2270 
HAXM22S0 
no  u (2200 
HO  XI  (2  300 
H01X2310 
ROIN2320 
HOXfl2330 

FORMAT  UX////14X,0('»' (.'TEST  AND  PARAMETER  SELECTION’ ,4(  '•'  )///!HAIM23O0 
FORMAT  ( 1X//5X, 'FOLLOWING  ','  0 RE  THE  AVAILABLE  SCREENS  :'//5X,'l.MAtM2350 

1  CONSTANT* . '  TEMPER ATWt'/SX,' 2.  CYCLEO  TEMPERATURE '/SX. '5.  0OI«1Olt(236O 

tOm  VIBRATION ’ /5X .  ’ 0 ,  SINE  SWEEP* .  ’  VIBRATION */5X,  *5.  SINK  PIXE0HAIH2370 
3  VIBRATION'//)  HAIN2380 

FORMAT  ( 5X/SX.  'DEFAULTS  are:  VIOX,* LEVEL  1'  .10X.  'LEVEL  2*  >10X.  'LEVHADI2390 
1EL  3'/4X.  ‘TEMP.  CYCLING* .7X,  'RAN.VXB' .  7X,  ‘CONST.  TEMP.  '/11X,  ’(21 '  .MAIN2000 
E14X. '( 3)' .10X, ' ( 1)'//// J  MAIN2OI0 

FORMAT  (SX.'XF  TOU  UXSM  OEFAULT  SCREENS  ENTER  ZERO.  IP  NOT.'.'  ENTMAIM2020 
XER  l:')  HA  1(12010 

FORMAT  (1X//5X,* ENTER  YOUR  SCREEN  SEQUENCE  AS  PROMPTED  US INS  ‘  ,»NUMAXH2000 
DOERS  FROM  ABOVE  LISTING:  VSX,  'IF  YOU  CO  NOT  WISH  TO  SCREEN  '.‘AT  MAIN2050 
20  PORTICUUU)  LEVEL.  ENTER  ZERO:  •  )  MOIN2040 

FORMOT  (IX. 'FOR  LEVEL', 12.'  THE  SCREEN  NUMBER  0E3XRED  IS:')  M0IN2470 

FCRMOT  (1X///20X.0( '•' ). 'LEVEL' , 12.01 '*' )///)  M4IH2000 

FORMOT  (SX, ‘CONSTANT  TEMPERATURE.  LEVEL’. 12)  HAIN2050 

FORMAT  ) 5X . ' THE  OEFAULT  VALUES  ARE:  '/SX,  'TEMPERATURE* 70  OES  C/5X.MOIN2SOO 
I 'TIME  RANGE  TO  BE  INVESTIGATED^  TO  00  HOURS'/SX. '  IF  TOU  WISH  THE  HOIN25XO 
S3EFAULT  VALUES.  ENTER  ZERO,  IF  NOT. '. 'ENTER  l**l  MAIN2520 

FORMAT  (5X. 'ENTER.  IN  CROER.  SEPARATED  ST  COMMAS  OR  SPACES: ’/SX. 'TMADI2530 
ICMP  IN  OCG  C.  '.‘TIME  IN  HRS : '/5X, ‘(TEMP  MUST  BE  LESS  THAN  *75  0CGMOIN25O0 

2  0')  MAIM2550 

FORMAT  (5X, 'TEMPERATURE  CYCLING.  LEVEL*  .12)  -TAXH2S40 

•ORMAT  (SX.'THE  OEFAULT  '.'VALUES  ARE:  V5X.'  LONER  TEHP*-50  OES  C/MOIN2570 

1SX. 'UPPER  TEMP17X  OES  C'/SX.'TEMP.  RATE  OF  CHANGE*5  OES  C/MIN'/SX. 1AIH2500 
2 'RANGE  OF  CYCLES  TO  8E’.'  INVESTIGATED^  TO  EC/SX.'IF  YOU  NISH  THMAXN2590 
3E  OEFAULT  VALUES  ', 'ENTER  ZERO,  IF  NOT.  ENTER  X:’)  MAIN2600 

FORMAT  (5X. 'ENTER,  IN  OROER,  SEPARATED  BY  COftTAS  OR  SPACES:  '/5X.  'UMAIN24I0 
1PPER  TEMP., LOWER  TEMP., TEMP.  RATE  OF  CHANGE.  NO.','  OF  CYCLES: ‘/SXMA  1)12420 
2. '(TEMPERATURE  RANGE  MUST  BE  WITHIN  -55  TO  ♦75'.'  OEG  C'/5X,'AMt  RMAIN26  JO 
30 TE  OF  CHANGE  BETWEEN  X  AND  20  OEG  C/MIN)')  HAIN24O0 

FORMAT  (SX. 'RANSOM  VIBRATION.  LEVEL ’,12)  MADI2650 

FORMAT  (SX.'THE  OEFAULT  VALUES','  ARE:  VSX.  'G-LEVEL*4  G'/5X.'RANGEMAI)I2660 

1  OF  TIME  TO  BE  INVESTIGATEO»0  TO  10  MIN. VSX. 'IF  YQU  NISH  THE  OEFAMAIN2670 
2ULT  VALUES  ENTER  ZERO.  IF  NOT,  ENTER  1 : *  I  MADIEAOO 

FORMAT  (SX, 'ENTER.  IN  OROER.  SEPARATED  BY  COMMAS  OR  SPACES: V5X, 'GHAIH2S90 
l  LEVEL.'.'  TIME  IN  MIN:'/5X.'(G  LEVEL  MUST  BE  BETWEEN  .4  AND  7.5 1 'MAIN2700 
2)  HA  1)12  710 

FORMAT  ( SX.  'S-LEVEL  OUT  OF  ALLOWABLE  RANGE-PARAMETER  SET  AT  7. S'  .MAIN2720 
1*  6.')  MAINE 730 

FORMAT  (SX.  '6-LEVEL  OUT  OF  ALLOWABLE  RANGE— PARAMETER  '.’SET  AT  0.MAIN2740 
14  6. ' (  MAIN2750 
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440  FORMAT  (SX, 'SINE  SWEEP  VIBRATION,  LEVEL', 12)  HAIN2740 

SOO  FORMAT  (SX.'THE  DEFAULT  VALUES  ARE: V5X, 'S- LEVEL**  9V5X, 'RANGE  ' .MAINZ770 
X'OF  TIME  TO  BE  IMVE3TIGATE0*0  TO  10  HIM. */5X, ' IF  TOO*,1  WISH  THE  OHAINZ780 
2EFAULT  VALUES.  ENTER  ZERO,  IF  HOT,  ENTER  l:'l  MAINZ790 

S10  FORMAT  (SX, 'ENTER  IN  ORDER,  SEPARATED  BY  COMMAS  OR  SPACES! V5X, '9-MAIHZ800 
X LEVEL,  TIME  IN  HIN:'/SX,'(S  LEVEL  BETWEEN  0  AND  10)')  HAINZ810 

S20  FORMAT  (SX.'G-LEVEL  OUT  OF  ALLOWABLE  RANGE—' , 'PARAMETER  SET  AT  14MAIMZ8Z0 
X.O  O' )  MAIN2830 

5  JO  FORMAT  (SX. 'SINE-FIXED  FRED.  VIBRATION.  LEVEL', 12)  MAIN2840 

544  FORMAT  (SX.'TNE  OEFAULT  VALUES  ARE ! ' /5X , ' 6- LEVEL*6  G'/5X, 'RANGE  CFMAIH28S0 
X','  TIME  TO  BE  INVESTIGATE0*0  TO  10  HIN'/5X,'IF  YOU  WISH  THE  • , 'DEMAIN2860 
{FAULT  VALUES  ENTER  ZERO.  IF  NOT,  ENTER  1!')  MAIN287U 

SSO  FORMAT  (SX. 'ENTER.  IN  ORDER,  SEPARATED  BY  COMMAS  OR  SPACES: '/SX, '6MAIN2880 
1-LEVEL,  TIME  IN  MIN: '/SX, ' (6-LEVEL  BETWEEN  1  ANQ  10)' >  MA1N2890 

540  FORMAT  (5X, ‘9-LEVEL  OUT  OF  ALLOWABLE  RANGE— '.' PARAMETER  SET  AT  XSMAIN2900 
X.5  6' t  HAIN2910 

170  FORMAT  (XX/SX, 'ENTER  THE  FOLLOWING  MANUFACTURING  PROCESS  OATA',',  HAIN2920 
XLEVEL* .I2//SX, 'IF  MODEL  DEFAULTS  ARe  DESIRED  FOR  ANY  ITEM,  ENTER  ZMAIN2930 
2ER0IV/SX, 'FIXED  TEST  COST  IN  OOLURS*' )  MAIN2940 

SOD  FORMAT  ( SX, ‘VARIABLE  TEST  COST  IN  OCLLAHS  PER  HOUR*')  MAIN29S0 

590  FORMAT  (SX. 'AVERAGE  COST  IN  OOLLAR3  FOR  REPAIR  OF  DEFECT*,'  0ETECTMAIN2960 
XED  AT  THIS  LEVEL3')  MAIN2970 

409  FORMAT  (SX.'ASSErSLY  DEFECTS  AT  THIS  LEVEL  AS  A  FRACTION  ‘,'OF  TOTMAIN2980 
UL  PARTS*')  MAINZ 990 

4X0  FORMAT  I1X.F4.X)  HAIN3000 

420  FORMAT  (2( 1X.FX0.4 ) )  MAIN3010 

430  FORMAT  (XX)  HAIN30Z0 

440  FORMAT  (5X////14X.8( '•' ), '  SELECTION  OF  PROGRAM  INPUTS  ANO  '  , 'OPTIMAIN3030 

IONS  ' ,8( '»' )//5X, 'IF  THE  MOOEL  OEFAULT  IS  DESIRED.  ENTER  ZERO! ‘//5MAIN3040 

IX,  'OPTION  A  FINOS  OPTIMAL  TEST  SEQUENCE  TO  ACHEIVE  A','  GIVEN  PR0OMAIN3050 

3UCT'/5X, '  RELIABILITY  REQUIREMENT *//5X, 'OPTION  B  ', 'OPTIMIZES  PROOHAIN3060 
4UCT  RELIABILITY  GIVEN  A  FIXED  COST • //5X ,' OPTION  C  COMPUTES  TEST  STHAIN3070 
5RENGTHS  OF  EXISTING  SCREENS'//)  MAIN3080 

4S9  FORMAT  ( 1X/5X,  'DESIRED  SERIES  HTBF  OF  HEW  SYSTEM  (OPTION  A  '  , ‘0NLYMAIN3090 

X. FOR  OPTIONS  a  OR  C  '/SX. 'ENTER  ZERO)')  HAIN3100 

440  FORMAT  (lX/SX.'COST  BUDGET! OPTION  B  ONLY,', 'FOR  OPTION  A  OR  C  ENTEMAIN3110 

XR  ZERO)'  )  HAIM3120 

470  FORMAT  (1X/SX. 'TOTAL  PART  POPUUTION! NO  DEFAULT  AVAILABLE)' )  HAIN3130 

480  FORMAT  ( 1X/5X, 'FAILURE  RATES  OF  GOOO  PARTS;  GOOD  CONNECTIONS*')  HAINJ140 
490  FORMAT  (1X,5X,'PART  QUALITY  DEFECTS  AS  A  FRACTION  OF  TOTAL', '  PARTHAIN3150 
13*'  )  HAIN3160 

ENO  MAIN3X70 
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PROGRAM  LISTING  FOR  SDOl.  FORT 
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so 


30 

*0 


50 


XNTEOER  T  HAIM  XO 

INTEGER'S  TV(  20 ■ 300 ) ,3261 20 1 300  ) »TV1C 17000 ) >31911 17000)  MAIN  20 

0XMEN3X0N  HIS),  AOSEIS),  fi 11 >4,5) ,  011  11,4,5),  02111,4,5),  HAIM  30 

♦CTI 5,5 ) ,  HAIM  35 

1COK5, 5).  C02IS.S),  TSI 20,1500),  TC(20,1500>,  H1C20),  N0I20),  XSCOHAIN  40 

213),  0111,4, S),  T31I17000),  TC1I17000),  3C03TI5.3),  XAOOATI20),  HAIM  SO 

*TXHC<3,S>.  HAIM  SS 


3  T9SI20.1S00).  OAOOAYI  11,4,5 ),  AHAXUI3),  AHIN11I3),  AMAX12I3),  MAIH  60 

4  AMIN12I3),  AHAX21I3),  AHIN21C3),  AHAX22I3),  AHXN22I3),  AMAX23I  MAIN  70 

S3),  AHIN23I3),  AMAX24I3),  AHXN24I3),  AHAX311 3),  AHIN31I3),  AHAX32I HAIN  SO 
63),  AHIN32I 3 ),  AHAX41I3),  AHXN41(3),  AHAX42I3),  AMIM42(3),  AMAX5  KHAIM  40 
73),  AHXHS11 3),  AHAXS2I3),  AHXNS21 3 ),  XI 11,4,5 ) ,TS31( 17000 >  HAIN  100 

OATA  HE, T3,TC,T33,TS31,T31,TCl/20»0, 141000*0./  HAIN  110 

OATA  OAOOAY/220*! .  0/  MAIN  120 

OATA  0,0,01,02/600*1. 0/  HAIM  130 

OATA  N/S*S/  HAIM  140 

COMMON  ISO)  HAIM  150 

CALL  OATA  (MCYC.M.OOEO.COlOO.e.XTV.H.AOeO, COHO, 0,0, 01,02, C01.C02 .XMAIN  160 
lHTBE, LEVEL, XTYPiAHAXll ,AMIN11 , AHAX12.AMIM12 ,AMAX21,AMIN21,AMAX22, AMAIN  170 
2MIN22 ,  AHAX2  3 .  AHXN23 ,  AHAX24 ,  AMIN24 ,  AHAX31 ,  AMIN31 ,  AHAX32 ,  AMIN32 ,  AHAXHA  IN  180 
341, AMIN41,AHAX42,AMIN42,AHAXS1,AHINS1,AHAX52,AMINS2, NOARTS)  MAIN  190 


OEAO  (2,*)  I SCO 

MOXTE  12,*)  M.NOAOTS.POEO  tAOEO 

OEAO  (13,*)  XNOO.XLAHOl  ,XLAH02  ,XLAMC1,XLAMC2 

LL*0 

AOXN*0.0 

00  10  1*1. M 

AOIN*AOIN»AOEO(I) 

OIN*AOIN»POCO 

XO  (XnTSO.EQ.O.O)  60  TO  20 

000*1.  /XNTBO 

ORM*0.0 

0OTS*0 . 0 

OOTS2*O,0 

HOURS2*0.0 

SOEOO*XMTBO 

00  ISO  11*1. M 

KI1*N<  II ) 

00  170  X2*1,NI1 

LL*LL*l 

HV*0 

OEAO  1 10.*, END* 30)  Al, 01 
60  TO  40 
A1*0.Q 
01*0.0 

00  90  KX4»1,ITV 
00  90  XK3*1 ,ITV 
DO  70  OK 2* 1,17V 
00  60  KX1*1,XTV 
HV*MV»1 
00  SO  I*1,NCYC 


HAIN  200 
HAIN  210 
HAIN  220 
HAIN  230 
HAIN  240 
MAIN  250 
MAIN  260 
MAIN  270 
MAIN  260 
HAIN  290 
HAIN  300 
HAIN  310 
HAIN  320 
HAIN  330 
HAIN  340 
MAIN  350 
HAIN  360 
HAIN  370 
HAIN  360 
HAIN  390 
HAIN  400 
MAIN  410 
HAIN  420 
HAIN  430 
HAIN  440 
HAIN  4S0 
HAIN  460 
HAIM  470 
MAIN  460 
HAIN  490 


RARRAYI X,I1 ,12 )*P( 1,11,12 ) 


HAIN  500 


CALL  SSPR06  I KK1 ,KK2 ,KK3.KK4,I1 ,12 ,PARRAY ,NCYC,CT , Al, 61, ITV, HOURS, MAIN  510 
ICMtR.TIHE.AHAXlllIl ) .AHIM1K  II I  .AHAX12I II ) ,AMIN12I II ) .AMAX21I II  ),AMAIN  520 
2MIM21I II ) , AHAX22I II ) , AHIN22I II ) , AHAX23I II ) , AMIN23I  XI ) , AMAX24I II )  .AMAIN  530 
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*0 

70 

99 
• 9 
IDS 

u« 


120 

130 

140 


’.SO 


StXN24(  II ) , AHAX31I  II I  ,AHIN31(  II » .AHAX32I  II I , AHXM32I  H  I 
ommil  II I , ARAX42I  II 1 ,  ANIN42I  II ) ,  AHAX51I  II I  .AltlMSlC 11  ) 
sniNMdin 

CALL  3CT«N  (HCTC,H,N.POeP,OXN,AO(P.PAIW»AY,P,IH,llt,CT 
in.  TCOST ,  XI ,  12  ,SCOST ,  TWIN ,  0 . 0 ,  TIHt .  NPAPTS.XNOP.XUHM 
tl,XLAHC2,X> 

TS31LL.HVI-3S 
TS(  LL,«VI»S?1 
TcriL.nvi»tcosT 
carriNue 

CONTINUE 

If  I ( 12*1 IX 12*3 )•(  12-4 l»l 12-5 I 1  00,100.04 
CONTINUe 
CONTINUt 
CONTINUE 
DO  110  I«l,NCYC 
PAMAYt  1 ,11,12  )*1.0 
N1(LL1«RV 

If  ILL-tl  170,120,130 
K1«M1ILL-1> 

00  TO  140 
K1*K 

KON1ILL) 

NSea>Kl«K2 
OO  ISO  J1»1,X1 
00  150  J2*1,X2 

M«T33ILL.J2l>ll.0-T33ILL-l,Jl>>«T3StlL-l,Jll  • 

U«TS(  LL-1 , J1  1*4 1.-T33I  LL-1 ,  J1 I  l»T3SI  LL.  J2  I*TSI U. J2) 
V*TCI  LL-1 , J1 )♦! l.-TSSI LL-l , J1 1 H»T3St  LL.  J2  1»TCI  LL, J2  1 
NPl LL)*NPt LL)*1 
JJ«MPILL1 
3(011 JJ  >*J1 

mi  jj)*j2 

T91I JJ  l»U 
TC1(JJ1«V 
TS3II JJ  l*M 
CONTIM* 

call  n»m  iTSi,Tci,TS3i,M9eo,seoi,mi 

«C»0.0 
03»0.0 
K»0 

OO  140  I»1 ,N3EQ 

IP  IITSKI). 20.0. 01.00. ITCl(I). (0.0. 011  SO  TO  140 
IP  I IT311 1 1-03  l/TSK  1 1 .  LT.2  I  60  TO  160 
IP  I  ITCH  I  l-OC  l/TCll  1 1 .  LT.E  I  60  TO  160 
0C»TC11 1 1 
03»T31I II 
K*P*1 

TCILL.KMTCIIII 
T3I  LL.K  1*T311 1 1 
T33I LL»X l*T331( I I 
SCW  LL«K  1*3(011 1 1 
TVILL.KI«TV1!II 
TCHII»0. 

T31I I 1*0. 


.ARAX41I II I , AKA IN  540 
,AHAXS2(  II  I, AMAIN  SSO 
HAIM  560 
011.0*2 .SS.SMAIN  570 
,  XLAHP2 1 XLAHCHA  IN  500 
RAIN  540 
HAIM  600 
RAIN  410 
RAIN  420 
RAIN  630 
RAIN  640 
RAIN  650 
RAIN  660 
RAIN  670 
RAIN  660 
RAIN  440 
RAIN  700 
RAIN  710 
RAIN  720 
RAIN  730 
RAIN  740 
RAIN  750 
RAIN  760 
RAIN  770 
RAIN  760 
RAIN  740 
RAIN  745 
RAIN  600 
RAIN  610 
RAIN  620 
RAIN  630 
RAIN  640 
RAIN  650 
RAIN  660 
RAIN  670 
RAIN  665 
RAIN  660 
RAIN  640 
RAIN  400 
RAIN  410 
RAIN  420 
RAIN  430 
RAIN  460 
RAIN  450 
RAIN  460 
RAIN  470 
RAIN  460 
RAIN  460 
RAIN1000 
RAIN1010 
HAIN1Q15 
HAXN1020 
HAIN1030 
RA INI 040 
RAIN1050 
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TSS1I I )»0. 

HAINlOsx 

SEQIIIXO 

HAIN1060 

TV1I I  )*0 

HAIN1070 

160 

CONTXtPJE 

HAIN1080 

170 

CONTINUE 

HAIM1090 

ISO 

CONTINUE 

HAINUOO 

10 


20 

30 


SO 


20 

30 

40 

50 

60 

70 

80 

90 

100 

no 

120 

130 


CALL  SEARCH  <Ll,lt.CBEQ0.3REGO,SE8,TV,Te,TS3,T3,IABBAY,TCniN.T3HAX,l1AIN1110 
1DIN.X)  MAIN1120 

CALL  MW»T  <H,NCYC.M,ISCB,P0EF,DIN,A0EF,CPHR,P,F,Bl,R2,CT,CRl,CR2nAIN1130 

1, ZAPPAY»Al,61»ZTV«TCHXIf»T3HAX»NPART3,XNOP,XLAnPl,XLAHP2»XLAnCl,XLAI1AZN1140 

2HC2  ,X,  AMAX11 ,  AHIM11 .  AMAX12  .  AHIN12  ,  AMAX21 ,  AHIN21 ,  AMAX22 ,  AMIN22  ,  AflAXHAINllSO 
323,  AHXN23,  AHAX24 ,  AHIN24 ,  AHAX31 ,  AHIN31 ,  AHAX32 ,  ANXN32 ,  AMAX41  .AHIN41 , HA INI 160 
4AKAX42  .  AHXM42  ,  AMAX51 ,  AHIN51 ,  AHAX52  ,  AMIN52  »  HAIN11 70 

OEBUO  31160*  HAIN1175 

END  HAINUSO 

SUBROUTINE  SCREEN  fNCYC.H,N,P0EP,DIN,A0EF.P,F,Rl.B2.CT,CBl,CR2.33,SCRE  10 
13H, TCOST .  Z1 , 12 .  SC03T ,  TCNIN ,  P  UO .  TIME ,  NPABT3 ,  XNOP ,  XUMP1 ,  XUHP2  .XUSCRE 
01Cl.XLAnC2.Xi  SCRE 

DIHENSION  XI 11.4.51.  PI11.4.S).  Pill. 4,5).  Bl(ll,4,5).  0120).  3CBE 

1Z3CBI3),  TIME!  3.5 ) ,  TC03TL(S.5>.  C03TLI5),  HIS).  CTI5.S),  CBltS.  SUCRE 

2,  A0EFI5).  CB2I5.5).  SCOSTI 5.5) ,B2( 11,4,5 )  SCRE 

conncN  iicr  scre 

PLEFT*POEP  SCRE 

IP  IPIAG.ST.O.)  WRITE  113, »)  TIHEI 1 .ZSCRI 1 ) ),TZnEt 2.Z3CRI 2 )), TIME (SCRE 

13.ZSCRI  3) )  SCRE 

IP  IPUG.ST.O.)  WRITE  12, »)  PI  1 ,1, ZSCRI  1 )) ,P!  1,2, ZSCRI 2 ) ),PI  1.3, ISSCRE 
,rRI 3) I  SCRE 

NCTC1*NCYC»1  SCRE 

00  10  Z»1,NCYC1  SCRE  140 

00  10  J«1.H  SCRE  150 

NJ*MI  J  )  SCRE  160 

00  10  Ml.Mj  SCRE  170 

XI Z.J.K 1*0.0  SCRE  180 

XI 1,1,1  )>A0EPI1)4P0EP  SCRE  190 

00  so  jn.n  scre  200 

NJINIJ)  SCRE  210 

OO  SO  K-l.NJ  SCRE  220 

IP  t">l)  20.20,40  SCRE  230 

IP  IJ-ll  50.50.30  SCRE  240 

CALL  MEAN  IXN0P.XLAHC1.XI  1,  J~1  ,NI  J-l ) ), TIHEI  J-l.NI  J-l )  ),PI  1  .J-l.NI  SCRE  250 

1J-1)),FALL)  SCRE  260 

PLEPT*PLEPT»PI1,J-1,N« J-l))  SCRE  270 

XI 1 ,  J.K >*XI 1 » J-l ,NI J-l ) )-PALL»ADEF( J )  SCRE  230 

GO  TO  50  SCRE  290 

XI 1. J.K )»PI 1 , J.K-l )»XI1,J,K-1 )  SCRE  300 

PLEFT*PLEFT»PI l.J.K-l >  SCRE  310 

00  TO  SO  SCRE  320 

CALL  HEAN  IXNOP.XLAHCl ,XI l.J.K-l ) .TIHEI  J.K-l ), PI  l.J.K-l ) .PALL)  SCRE  330 

PLEPT*PLEFT*P! l.J.K-l )  SCRE  340 

XI 1, J.K  >*Xt 1 , J.K-l )-PALL  SCRE  350 

CONTINUE  SCRE  360 

IP  IPUG.ST.O.)  WRITE  (2,»>  XI  1,1,1  ),XI  1,2,1 ) ,XI  1,3,1 )  SCRE  370 

IP  IPUG.GT.O.  )  WRITEI6, 4000)11X11,  J.K >, J«1 ,H ) ,K»1 , 5)  SCRE  380 

IP  IPUG.ST.O.)  WRITE  12. >)  XII, 1,5), XII, 2, 5), XI  1,3.5), PLEPT  SCRE  390 

CLEFT*XI 1,3,5 l-PLEFT  SCRE  400 


194 


j 


wm>«. 

00  too  XM.WCTC 
xix*i.i.ii«o.o 
oo  «o  :n,n 

OO  *C  Ml.MJ 


sue  *10 
scut  *40 

SCPE  *30 
SCPE  **0 
SCPE  *50 

scoe  **o 


*o  x(i«i,i.ii»x(i*i,i,ii«<i-pii,j,xi>«Fti.j,x)Ki-#ici.J.xi>*x(i,j,x>sue  *70 


00  *0  J*l,H 
NJ*N< J ) 


70 


00 

*0 

100 

c 


110 


sue  *«o 
sue  **o 
sue  soo 
sue  sio 
SUe  520 
SUe  530 
sue  5*o 
SUe  550 


00  *0  Ml.MJ 

IP  IX( X  > J.X 1 . LT.l.  0 1  00  TO  *0 

xp  u.eo.i.ANo.K.eq.i)  so  to  *o 

XP  (J.OT.l.ANO.X.EO.l)  SO  TO  70 

XP  IJ.Oe.l.AMO.K.OT.l)  SO  TO  SO 

SO  TO  *0 

XI X»1 , J,  1  l*«  m.M.MH) l*X< X*1 ,  J-l ,Nf  J-l I  IK l-« I.J.l  I  IK l-Pt xsue  5*0 

sue  570 

so  to  *0  sene  sso 

X(  X«l< J.X  l*P<  X*l,  J.X-l  )*X<  1*1. J.K-1  IK  X-P(  I.J.K )  IK  1-P(X.J,K  I  IK  1-SCRE  590 

ir2(I,j.k>i*x<i.j,x>  sue  *00 

coKTiwe  sue  *xo 

continue  sue  620 

xp  ipus.st.s.i  wxTe(*.*ooii((X(2,j,xi>j*x.ni.K>x,5i  sue  «so 

SUTWO.O  sue  6*0 

00  1x0  x«i.nctc  sue  *50 

W1*N(N1  sue  *60 

sun*sun*xi  x.n.rKi  sue  *7o 

carrriNue  sue  sso 

oouT-surt  sue  490 

3H»X./MXMOP-CLePTI»XUKCl*<PtO*T(NPAirrSI-PtePTl»XU01»*l*CLePT*XUf«Ue  700 


no 

130 

1*0 
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ltt»M.ePT»Xl*f1P*  I 
S3*1.0-90UT/OXN 
OeUT*«OXH-OOUT 
AC03T*0.0 
TCOST«0.0 

00  no  j*i.n 
00  xto  xn.s 
3C03TI J.X 1*0.0 
XPIPUS.Hf.O.Ol  SO  TO  1*0 
00  130  1*1.  were 

U<U1<X1.X2I*P'X.X1.X2)*U2(X1.X2>K1.8-F(X.X1,X2>> 
C03T*CT(X1.X2I*UKX<X.X1.1)-Xf  X.X1.5II 
ACOST**COST  *C03T 
SO  TO  170 
00  1*0  J*l.n 
00  1*0  K*1.5 

sunrsi*o.o 

SUHTS2*0.0 

00  150  1*1, Merc 

SUfT3l*3WfT31K  1 .  -K I ,  J.X  I  )*XI  I ,  J.X  I 

SUHTS2*SUHT32»X» X , J.X I 

eoHTiHue 

XP  <I3Uf  JI.HS.X)  SO  TO  1*0 
XP  (Kl.J.XSUf Jll. ST. 0.9991  SO  TO  1*0 
3C03TI  J.X  )*SUNT31*U2(  J.X  1*CT(  J.X  I 


sue  710 
sue  720 
sue  730 
sue  7*0 
sue  750 
sue  760 
sue  770 
sue  780 
sue  790 
sue  soo 
sue  sio 
sue  820 
sene  0*0 
sue  sso 
sue  sso 
sue  070 

SUE  800 

sue  090 
sue  900 
sue  910 
sue  920 
sue  930 
sue  9*0 
sue  950 
sue  9*0 
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160 

TCCST*TC03T*3C03Tt  J,K I 

SCRE  770 

3UHTC*TC03T 

3CRE  700 

*0  TO  170 

SCRE  770 

17* 

17  C(0IN-0OUT).8E.1.0)  SO  TO  100 

SCRE1000 

0ELTA*1.0 

SCRE1010 

ISO 

TC0ST»AC03T/DELTA 

SCRE1020 

170 

return 

SCRE1030 

OEBUG  SUBCHK 

SCRE103S 

END 

9CRE10S0 

SUBROUTINE  RANK  (T31 .TCI ,TS31 .NSE0.3EQ1.TV1 ) 

RANK  10 

INTtGER*t  TV1< 17000 >,SEQ1< 17000) 

RANK  20 

DIMENSION  TS1(  17000).  TCK 17000 ) .TSSlt  17000 1 

RANK  30 

Nt*NSEO 

RANK  70 

ni«Nt 

RANK  50 

1* 

Hl*INT<Nl/t.  > 

RANK  60 

17  (Nl.EQ.O)  60  TO  so 

RANK  70 

Nl«Nt-Hl 

RANK  SO 

J«1 

RANK  70 

to 

X*J 

RANK  100 

30 

u«i«m 

RANK  110 

17  (TClt  X ).  LE.TCK  LI ) )  SO  TO  70 

RANK  120 

Ai«TCKI) 

RANK  130 

Bl*T3l(I> 

RANK  170 

C1«T331(I> 

RANK  175 

A2*3EQlf X  > 

RANK  150 

Bt*TVl(X) 

RANK  160 

TCKD  IICLI) 

RANK  170 

TSKI)»TSmi> 

RANK  100 

T33K I  >«TS31(  LI  > 

RANK  105 

3E0K  I  >*3EQ1<  LI  > 

RANK  170 

TV1I I  )*TV1(  LI  I 

RANK  200 

TCKLllsAl 

RANK  210 

T31(U)*B1 

RANK  220 

T39KUMC1 

RANK  225 

SEQK  LI  >*Ai 

RANK  230 

TV1( LI  )*6t 

RAW  270 

I*I-M 

RANK  250 

17  (I.SE.l)  JO  TO  30 

RANK  260 

70 

J*J*1 

RANK  270 

17  (J.LE.H1)  60  TO  to 

RANK  200 

60  TO  10 

RAW  270 

SO 

RETURN 

RAW  300 

END 

RAW  310 

SUBROUTINE  SEARCH  (LL.NO, CREDO, SREQO.SEQ.TV.TC.TSS.TS.XARRAY 

.TCNINSEAR  10 

1  iTSflAX  fOXN.X  ) 

SEAR  20 

INTEGER  T, 3, SI, 32 

SEAR  30 

INTEGER*!  TV( 20,300 >,SE9( 20 .300 > 

SEAR  70 

0INEN3I0N  TC( 20,1500),  T3(20,1500>,  XARRAYI20),  X(ll,7,5) 

SEAR  50 

♦*T3SI 20,1500 ) 

SEAR  55 

PLACE*  SR  COO 

SEAR  60 

OO  10  1*1,  NO 

SEAR  70 

TCTQT*TC( LL,X)*0XN*T3S( LL,X) 

SEAR  72 

TCC  LL,X )*TCTOT 

SEAR  77 

10 

CONTINUE 

SEAR  90 

OTCMIN*TC(LL.NO> 

SEAR  100 
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0T3MAX«T3(U..M0>  SEAR  HO 

tO  IF  (Of  130  )  30,30.40  3EAR 

30  IF  (3RCQO)  140.1*0.40  ****  130 

40  MNO  SEAR  140 

SO  If  (TCI ll.X l-CREQO )  00,00,40  SCAR  130 

*0  K»1  MAO  1*0 

70  IF  ( T3(  LL,K l-SREQO )  100,00,00  SCAR  170 

SO  31*3C«(U..K>  SCAR  100 

T«TV(U.KI  SEAS  140 

IARRAYI  UI*T  3EAII  200 

T01IN*TC(U.K>  3EAP  tlO 

T3MAX»T3I LL.K I  .  SEAR  220 

X»1  SEAR  230 

50  TO  110  SEA*  240 

40  MX-1  3EAP  230 

IF  (K)  140,140,30  ...  SCAR  240 

100  MK»1  SEAR  270 

IF  IK-N01  70,70,140  SEAR  200 

110  IUL-1  .  .  SEAR  240 

120  IF  (1*1)  U0.150.U0  SEAR  300 

130  3*3EQ( 1,91 >  SEAR  310 

T*TV( 1,31 1  SEAR  320 

32*91  SEAR  330 

51  *3  SEAR  340 

IARRAY( I >*T  SEAR  350 

1*1-1  .  SEAR  340 

60  TO  120  SEAR  370 

140  WRITE  (4.1001  SEAR  300 

3REQ0*T3( IL.NO 1  SEAR  400 

GO  TO  20  SEAR  410 

130  IARRATC 1  1*3  SCAR  420 

60  TO  170  SEAR  430 

1*0  WRITE  (4.2001  SEAR  440 

STOR  SEAR  450 

OEBUS  SUOCHK  SEAR  455 

170  CONTINUE  SCAR  *40 

3RC00*RLACC  SCAR  470 

RETURN  SEAR  400 

C  SCAR  440 

100  FORMAT  (/IX,  •REQUIREMENT  CANNOT  OE  MCTV1X)  SEAR  500 

200  FORMAT  ( /IX, 'REQUIREMENT  CAN  OE  MET  WITHOUT  TEST  SCREENS* I  SEAR  520 

DO  SEAR  530 

SUBROUTINE  S3PR0B  (K1 ,K2 ,K3,K4, 11,12, R,NCYC,CT,A1 ,01 .ITV.HOURS.PNRSSPR  10 
l.TIME,  AMAX11 ,  AMZN11  ,AMAX12  ,  AMIN12  ,  AMAX21 ,  AMIN21 ,  AMAX22.AMIN22 ,  AMAX3SPR  20 
223,AMIN23,AMAX24,  AMIN24,  AMAX31 ,  AMXN31,  AMAX32  .AMIN32  .AMAX41 ,  AMINA  1  ,SSPR  30 
3AMAX42,AMIN42,AMAX51 .AMIN51 , AMAX52 , AMIN32 )  S3PR  40 

OXMENSION  P( 11,4,51.  CT(5.5).  TXHE(3,5>  3SPR  50 

00  TO  (10,70,140,220,2601,  12  99PR  40 

10  CONTINUE  S3RR  70 

C  TEST  ONE:  CONSTANT  TEMPERATURE ( CT )  SSPR  00 

RR»((AM»X11-AHIN11>**1»AMIN11»ITV-AMAX11)/(ITV-1.  >  SSPR  40 

RR*A63(RR-2S. )  SSPR  100 

TT*(  ( AMAX12-AMIN12  )*F2*AMIN12*XTV-AHAX12  )/(  ITV-l,  )  SSPR  110 

HOURS*TT  SSPR  120 

DT*A10G( EXP( 1.  )«1. 1  SSPR  130 
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RCt'l.l 

prr • .  osx  i .  t-cxn  -o .  mm*««  .  o*rr** .  s*onct*ot**2  .711 

txhei  11.12  rxwuos 
If  (01)  20,20,340 
20  00  TO  (30.40.50,40).  II 

M  CT(l,I2)X0.1St*HOU)S*CPHO 
•0  TO  ISO 

40  CT)2.I2>X0.1S>*HOUt3*CWO 
•0  TO  ISO 

so  cm.xtxMOuwcmft 

00  TO  ISO 

00  CT<  4, II  >«MOU*S*CPMP 
00  TO  ISO 
70  CONTINUE 

C  TOST  TWO  I  CYCLED  TEHPEPATUOEI CYT ) 

00*  AOS  <  AHAX21-AKAX22  ) 

0T1X  ( AfUX23-Af1IN23  )»«3*AI1IN23»ITV-AHAX23  )/t  XTV-1. ) 
OT*AU»(  €XP<  l .  >«0T1  )**2 .  7 

ONCYX  I  AHAX24-ANIN24  l*K4»AHIN24*ITV- AHAX24 )/{ ITV-l .  ) 
TT«I. 

WOT* . OSX  1 .  -exw  - .  0023*44** .**TT*4MCY** .  S  »0T ) ) 
SS«l.O-WOT 

IP  ( ( AHAX23-AHXN23 )<N(3*A(HN23*ITV-ArtAX23)  40.40.00 
00  HOUP9*»NCYX4./DTXX.*O0)/(OT*40.  )) 

time ( 11.12 )*houos 
00  TO  100 
40  Hours*' 

TIHE( 11,12 )«H0U09 
100  IP  (01)  110.110.340 

110  CO  TO  (120.130,140,1901.  II 

120  CT(  1.12  ••(  0.13)*HOUPS»CPHO 
40  .TO  390 

130  CT(2.X2)X0.1S)*HOUI3*CPHO 
60  TO  390 

140  CT(3,X2)*H0U03*CPH0 

00  TO  ISO 

190  CT(4,X2  )*HQUPS*CPH6 

00  TO  330 
140  CONTINUE 

C  TEST  THPEE:  OANOOH  VXEOA7ION(  PVX8 ) 

SOX  ( AHAX31-AMN31  )*K1*A»1IN31»ITV-AHAX31 >/( ITV-l.  ) 

TTX  ( At1AX32-Af1XH32  )*X2»AMIN i2«ITV-AMAX32  )/(  XTV-1.  ) 
H0UP3*TT/40. 

00*. 244*60*1. 402 
00*. 144*60-. 0442 
PTV«00*(  1 .  -EXP(  -TT**.S/00 )  I 
33*l.0-PPV 
TINE) XI. 22  J*H0UP9 
XP  (01)  170,170,340 
170  00  TO  (100,140,200,2101.  XI 

100  CTH,X2IX0.1S>*HOUPS 
00  TO  ISO 

140  CT(2.X2  IX  0.1S  l*HQ(JOS 
60  TO  ISO 


SSPO  140 
9SP0  ISO 
SSPO  140 
SSPO  170 
SSPO  100 
SSPO  140 
SSPO  200 
SSPO  210 
SSPO  220 
SSPO  230 
SSPO  240 
SSPO  2S0 
SSPO  240 
SSPO  270 
SSPO  280 
SSPO  240 
SSPO  300 
SSPO  310 
SSPO  320 
SSPO  330 
SSPO  340 
SSPO  350 
SSPO  340 
SSPO  370 
SSPO  380 
SSPO  340 
SSPO  400 
SSPO  410 
SSPO  420 
SSPO  430 
SSPO  440 
SSPO  450 
SSPO  440 
SSPO  470 
SSPO  480 
SSPO  440 
SSPO  500 
SSPO  S10 
SSPO  520 
SSPO  530 
SSPO  540 
SSPO  550 
SSPO  540 
SSPO  570 
SSPO  580 
SSPO  540 
SSPO  400 
SSPO  410 
SSPO  420 
SSPO  430 
SSPO  440 
SSPO  450 
SSPO  440 
SSPO  470 
SSPO  480 
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IM  CT(3,It»H0U*S  IS»  40* 

•0  TO  SM  ISM  TO* 

u*  cT(4,iti«Noura  im  no 

•3  TO  SM  ISA*  no 

in  contxmx  im  no 

e  tot  pouri  im-mit  vibration! ssvz»>  asm  no 

TT*((itMW4i-Mnmt)*«t«Aiii]Mt*rrv>Mux4t)/ixTv>x.i  im  no 

nourmtt/**.  asm  7*0 

**a(IAIUX41-AIUM41l««l*4nXN4I»XTV-AfUX41)/IZTV-l.  I  ISA*  770 

BM. #174 0*6*7, 007  IM  7*0 

0Oa,#43S"***.104S  ISM  700 

WMOM  1  •  -CXPI  -TT**.0/B*  1 1  ISA*  *00 

mi. -AMR  S3P*  010 

th*(ii,izj»*oubs  ssa*  ozo 

e  caro/nooulc  lcvcls  ssa*  oso 

IA  111 ,  fS0.t30.S4*  SSA*  040 

IS*  *0  TO  (140. ISO. 1*0, 1701.  Zl  SSA*  oso 

14*  CTC 1.11)0(0, 13 l*MOU*S«C*M*  SSA*  040 

•0  TO  SM  SSA*  070 

IM  CTI t  It)o(0.15)oM0t*SoCAM*  SSA*  040 

•0  Tw  S50  SSA*  000 

C  COUIPNtNT/SrSTOI  LCVCLS  SSA*  000 

14*  CTC  3, XI loMOURSoCAH*  SSA*  010 

•0  TO  SM  SSA*  OZO 

17*  CT(4,ZZ>oH0UtSoC*H*  SSA*  030 

•0  TO  SM  SSA*  040 

IM  COMTIKie  SSA*  OSO 

C  TIST  Am  I  3INC-AIXC0  VXWATXOH  (3AVXBI  SSA*  MO 

TT*((AnAX5Z-ANtNSZ)«KZ»AntNSl«ITV-AnAXStl/(nV-l.  I  SSA*  070 

**M(AnAXSl-AniNSllMl«AnlMSl4tTV-AriAXSl)/(ZTV-l.l  SSA*  000 

NOumtT/*o.  ssa*  ooo 

*••“ .  410***0 .  AZO  3SAA1000 

00* . *435*4* , 3Z4  SSA* 1010 

ALNW»00<M 1. -eXA( -TT** . Z/BO ) )  3SAR10Z0 

33«1.-AUI*  SSA*1030 

TIKI  Zl.XZ  l«MOU*S  SSAR1040 

C  CARO/nOQOLC  LCVCLS  3SAR1050 

IP  (Oil  to*. ZOO. 34*  SSAR1040 

SO*  *0  TO  (300. 310. St*. 33*1.  II  SSAA1070 

30*  CT( l.IZ )•( 0. IS  )*H0U*3*CAH*  SSA*1000 

•0  TO  IM  SSARIOOO 

31*  CT(t.Ztl4(*.lS»HaU*S<>CAM*  SSAR1100 

•0  TO  ISO  SSAW1110 

C  (OUXAnCMT/SrSTCM  LCVCLS  SSAR11Z0 

St*  CTI 3.ZZ )*HOU*S*CPM*  SSAR1130 

SO  TO  3S0  33AR1140 

33*  Cr(4,It)*H0U*S«CAMI  9SAR1150 

.  *0  TO  3S0  3SAA1160 

34*  CTH1,ZZ»«81*H0UR5*A1  SSPR1170 

3M  CCMTIHUe  93AR1100 

00  34*  X*i ,MCTC  S3 AO 11 90 

A(Z,I1.XZ»33  SSAR1Z00 

340  IP  (HOURS. CO. 0. 01  All  >11  >ZZ  1*1.0  SSAfflZlO 

■CTURM  3SAR1Z20 

CKO  33AR1230 
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10 

to 

30 

40 

ft 

50 

00 

70 

00 

m 

♦o 

100 

110 

110 


SUMMTINC  REPORT  (H, HCTC.H.  1301. POCF.OIN, 0007, COHO, P,F, 01, RZ, CT.CRCHJ  10 
lRi,ca2,XAPRAY,Ai,ai,XTV,TcnxN,T3XAx,NPART3,XNOP,xiAnpi,xuitP2,XLAflRePO  io 
2C1  .XLAJ1C2  ,X,  AI1AX11  .AHINll ,  AMAX12  ,  AftXNIC  .AKAX21  ,  ANXN21 ,  ANAX22  ,  ANXN2RCP0  30 
32.  ANAXr3,AftIN23,AftAX26,AnXN26,AftAX3l,At!IN3l.AMAX32,AMIN32.AnAX61, ARCPO  00 
6«N61,AnAX42,AmM62.Af1AX31.AI1IN31.AftAX32.AmNS2)  RCPO  50 

RCAL  LCOSTIS)  RCPO  00 

0XHCN3X0N  AflAXllI  3)  •  AHTNllI  3),  AMAX12I3),  AHIN12I3),  ANAX21I3),  ARCPO  70 
1MN21(3>.  AWAX22I  3 ).  AHIN22I  3).  ANAX23I3),  AMN23I3),  ANAX26<3),  ARCPO  00 
2MN26I3I,  AMAX31II),  ANIN1M3),  ANAX32I3).  ANXN32(3>.  ANAX61I  3) >  ARCPO  50 
3HIN61I  31,  ANAX62I3),  ARXN62I  31.  AMAX5M3),  AMN51I3).  AftAX52(3),  ARCPO  100 
6fltN52(3>  RCPO  110 

OMENSXON  NPIS,5,SI.  NISI.  Pill. 0,5).  7(11.0,5).  X3CR(3>,  RCPO  120 

1R1I11.0.3),  R2<  11.0,5) .  CRMS. 5).  CR2IS.S),  CT(5.5).  SCOSTIS.S),  RCPO  130 
2TCSTI5),  IRIS).  XARRAY( 20),  ANRIS, 5. 5),  AOEFIS),  TMe(3,5).  RCPO  100 

♦XI 11.0,57  RCPO  105 


RCMXNO  10 
OATA  NR/12541/ 

OATA  lCOSt/540./ 

OATA  TEST/'CT  ,.,CYT  ' , 'RVXft* , 'SSV8* , 'SFVB*/ 

OATA  ANR/12540./ 

X»0 

oo  130  n«i,n 
00  130  I2«l,5 
RCAO  (10.4)  Al.ftl 
X«X*i 

XR(1)>XARRAT(X) 

60  TO  (lO,aO.’<MO,10‘  12 

NR(X1.12,1)«XARRAY(X) 

SO  TO  120 
00  00  K>2.3 

IR<  K  >«N00(  IR(  K-l ) ,  ITV»*(  3-K  ) ) 

IP  (IRIK-11)  30,30,20 

NRI II .  12 ,0-K  )4 INYI  FLOATI  IRC  K-l )  )/(  FLOAT!  ITV  >  >**(  3-K  >♦  .  505000 ) 
GO  TO  OO 

NRI 11,12 ,0-Rl*XTV 
CONTINUE 
60  TO  120 
00  70  K*2,6 

XRI K  )«N00(  XRI  K-l ) ,  XTV*4|  0-K  )  > 

IF  I IRCK-1 1 1  00.60.50 

NRI  11,12, 5-K  HINT!  FLOAT!  IRC  K-l )  I/I  FLOATI ITV )  )**l  0-K  )♦  .000000 1 
GO  TO  70 

NR! I1.Z2.S-K l*XTV 
COMTINUC 
GO  TO  120 
00  110  K»2«5 

IRIK  )>NOO(  IRIK-1 )  ,XTV4*|  5-K  )  I 
IF  (IRIK-ll)  100,100,50 

NRI  11,12 ,6-K  )*INTI  FLOATI  IRI K-l )  >/(  FLOATI  ITV )  )4*| 5-K  >4.000000) 

SO  TO  110 

NRI II ,12,6-K )*ITV 

CONTINUE 


RCPO  ISO 
RCPO  160 
RCPO  170 
RCPO  180 
RCPO  100 
RCPO  COO 
RCPO  220 
RCPO  230 
RCPO  260 
RCPO  250 
RCPO  260 
RCPO  270 
RCPO  200 
RCPO  250 
RCPO  300 
RCPO  310 
RCPO  320 
RCPO  330 
RCPO  360 
RCPO  350 
RCPO  360 
RCPO  370 
RCPO  380 
RCPO  300 
RCPO  600 
RCPO  610 
RCPO  620 
RCPO  630 
RCPO  660 
RCPO  650 
RCPO  660 
RCPO  670 
RCPO  680 
RCPO  650 
RCPO  500 
RCPO  510 
RCPO  520 


GO  TO  120  RCPO  530 

CALL  S5PR08  (NPI II ,12 ,1 >,NP( 11,12 ,2 ) ,NP( XI, 12, 31, NRI X1,I2,6),I1,X2RCP0  560 


l.P.NCYC.CT ,A1  ,B1,XTV , HOURS , CPHR, TXftC  .AMAX1M  II ) ,  ANINllI  XI  ),AHAX12tREP0  550 


200 


*r-\  £>**«:%;  r. 


130 


140 


til > ,  ANIM2I 11 1  ,ANAXZ1(  II ) ,  ANIN21I  II )  , ANAX22I  II ) , ANIN22(  U )  .ANAXZ3I  REPO  540 
III  I  .ANIH23I  II ) ,  ANAX24I  II 1 ,  AHXN24I II ) ,  ANAXSK  II ) , ANXN31I  II  )  ,ANAX32t  REPO  570 
411 1 , AHIN32I II I , AHAX41IX1 ) . ANIN41  (ID , AHAX42I II ) , ANXN42I II ) , ANAX51  (REPO  5«0 
SID.AHXNSK  ID,ANAX52(  ID.AMXNSZI  ID )  REPO  540 

CONTINUE  REPO  600 

CAU  SCREEN  (NCYC.N,N,P0EF,0IN,A0EP,R,P,R1,R2.CT.C*1. 0)2,3, SH.FCOSREPO  610 
1T,X1,I2,3C03T,TCNIN,1.0,TIHE,NRART3,XNOR,XUU1R1,XIAHP2,X1AMC1.XUI«EPO  620 
2C2.X)  REPO  630 

00  140  11*1  ,M  REPO  640 

00  140  12*1,5  REPO  650 

IX03T(ID«IX03T(XD*SC0ST(  11,12)  REPO  660 

10*0  ...  REPO  670 

WRITE  (6,260)  REPO  600 

OO  250  11*1, H  REPO  640 

ANP<  II  ,4,D*(  ( ATIAX4K II I-ANZN4K II )  >«NP(  II ,4,D«AltIN41(  II  )*ITV-AHAREPO  700 

ix4i ( ii ) i/(  rrv-i. i  repo  7io 

ANRIXl,l,l)*(IANAXlKID-ANINll(XDI*NRIXl,l,D*AHINUCID*nV-AHAREPO  720 
1X11(  ID  )/( ITV-l. )  REPO  730 

ANP(  II  ,1 ,2  >■(  ( ANAX1Z(  II  )-ANIN12(  II )  )*t#(  II,  1,2  I.AHINIK  II  >*ITV-AHAREPO  740 
1X121  ID )/( ITV-l. )  REPO  750 

ANRI  XI ,5.1  )*(  I ANAXSK  II  l-ANINSK  II >  )*NRt  11,5,1  )*ANIN31(  II  )*ITV-AHAREPO  760 
1X511  ID  >/(  ITV-l.)  REPO  770 

ANRI  II ,5,2 )■( I ANAXSZI 11 )-ANXNS2( II ) )«NPI 11,5,2 >*ANIH32(  II )*rrV-AMAREPO  700 
IXS2( II ) I/I ITV-l. )  REPO  740 

ANRI  11,2.1 )«l I ANAX21I II )-ANIN21( II ) )*NR(  11,2,1  UAHXN2K II )»ITV-AHAREPO  000 
1X211  ID  I/I  ITV-l.)  REPO  010 

ANRI  11,2.2 )*( I AHAX22I II , -AM INEZ! 11 )  )*NR( 11,2,2 I.AMXN22I II (•ITV-AHAREPO  020 
1X221 II ) )/( ITV-l .  )  REPO  030 

ANRI  11 ,2 .3 >*(  I ANAX23I II  )-AHXN23l  II  >  )*NRt  II ,2,3>«AHIN23(  11  N»nV-ANARCPO  040 
1X231 II I )/( ITV-l. )  REPO  050 

ANRI  II  .2 ,4 )«(  I ANAX24I  XI  )-ANIN24(  II  )  )*NR(  II  ,2 ,4  >*AHIN24<  II  )»ITV-AHAJtCPO  060 
1X241 II ) I/I ITV-l . I  REPO  070 

ANRI  II ,  3, 1  )*(  I  ANAXSK  II  )-ANIM3ll  II )  I*NR(  11,3.1  l*ANXN31(  II  )»ZTV-ANAREPO  000 
1X311 II ) )/l ITV-l. )  REPO  040 

ANRI II . 3 , 2 )*( I ANAX32I II )-AHIH32( II ) >*HR( II , 3.2 )«ANZM32I II >»ITV-AnAREPO  400 
1X321 II ) I/I ITV-l . )  REPO  410 

ANRI II ,4,2 1*1 1 ANAX42I II I-ANIN42I II I )*NRl II ,4,2 1.ANXN421 11 )»ITV-AIUREPO  420 
1X421  ID  I/I  ITV-l.)  REPO  430 


150 


160 


.170 

100 

140 


200 

210 


KTT*2 

IP  I ISCRI  XD.EQ.2 1  KTT*4 

WRITE  (13, *1  ANRI  II,  ISCRI  ID, KTT) 

00  250  12*1,5 

00  TO  1150.160,170,100,140),  12 
IP  I  ANRI I1,1,2).E0.Q)  60  TO  200 
60  TO  220 

IP  (ANRI XI, 2, 3). EQ. 01  SO  TO  200 
60  TO  220 

IP  I  ANRI  XI, 3, 2). CO. 0 1  60  TO  200 
60  TO  220 

IP  I ANRI  11,4,1 ) .EQ.O  I  SO  TO  200 
60  TO  220 

IP  I  ANRI  II ,5,1) .E6.0 )  60  TO  200 
60  TO  220 
00  210  K*1 ,4 
ANRI  II, 12, K 1*0. 


REPO  440 
REPO  450 
REPO  460 
REPO  470 
REPO  400 
REPO  440 
REP01000 
REP01010 
REPO1020 
REPO1030 
REP01040 
REPOIOSO 
RCP01060 
REPO1070 
REPOIOSO 
REP01040 
REP01100 


201 


Mt 

230 

240 

2S4 


C 

2*0 


270 

200 

200 


to 

20 

30 


50 

*0 


-70 

00 

00 


too 


IF  (Il-IG)  200,200.230  REP01110 

wm  10,270)  Il.LCOSTdl)  REPomo 

IF  (130(11). HE.  12)  GO  TO  250  REP01130 

MXTE  (0,200)  I2,TEST(  12  >,(  ANP(  It  ,12  >K ) ,K*1 ,4 ) ,3C03T(  11,12)  REP01140 

10*11  REP01150 

torn  (0,200)  FC03T  REP01100 

0ESU9  SUBCHK  REPOU70 

RETURN  REP01100 

REP01190 

FORtUT  ( 1X//////////29X, ' T  E  3  T  OESCRIFTIO  N'/39X, 'PARREP01200 
1AMETER  VALUE'/lOX, 'TEST  SEQUENCE'  >5X, ‘TYPE* ,2X, 'NO.  l‘,2X,'N0.  2*,REPO1210 
22X, ‘NO.  3‘ ,2X, ‘NO.  O' ,2X, ‘TOTAL  COST' , * (*) */7X,00( )//)  REP01220 

FORMAT  C  * ,0X , ‘ LEVS L ' ■ 2X , ' NO .  ' ,12 , 30X.F12.0 )  REP01230 

FORMAT  ('  * ,12X, 'TEST  NO.  ' .I2,3X,A4,1X,4F7.2,F12.0>  REP01240 

FORMAT  ('  *,7X,07( '_' )//'  ', OX, 'TOTAL' , '  COST' ,01X, '*' ,F12.0//'  • .REPO1250 
101X.12I '_' )/'  ' ,01X,12( '_' ) )  REP01260 

ENO  REPO1270 


SUBROUTINE  OATA  (NCTC.M, POEF, CREDO, E,ITV,N.A0EF,CPHR,P,F,R1,R2,CR1DATA  10 
1.CR2.XMT8F,  LEVEL,  XTYP,AMAXll,AMrNU,AMAX12,AMIN12,AMAX21,AMIN21,AKOATA  20 
2AX22 ,  AMIN22 ,  AMAX23 ,  AM2N23  ■  AMAX20  ■  AMXN24 ,  AMAX31  •  AMIN31 ,  AMAX32 ,  AMIN30  ATA  30 
32,AMAX41,AMXN41,AMAX42  »AMZN42  , AMAX51  ,AMIN51 ,  AMAX52 ,  AMIN52  »NPARTS)  OATA  40 
0IMENS10N  N(S),  AOEF(S),  P(ll,4,5>,  Fill, 4, 5),  Rl(ll,4,5),  OATA  50 

1  CR1(  5,5 ) ,  CR2IS.5),  AMAX1K3),  AMZN1K3),  AMAX12(3),  AMIN12(3).  AO  AT  A  60 

2MAX2K3),  AM1N211 3) ,  AMAX22I3),  AMIN22I3),  AHAX23(3),  AMIN23(3).  AO  AT  A  70 

3MAX24(3),  AMZN24C  3 ) ,  AHAX3K3),  AMIN3K  3),  AMAX32(3),  AMIN32(3),  AOATA  SO 

4MAX4K3),  AM1N4K3),  AMAX42I3),  AMZH42(3>,  AMAX5K3),  AMIN5K3),  AOATA  90 

5MAX52(3),  AHIN32  ( 3 )  • .'.  -  (  11,4,.  DATA  100 

READ  (4.*)  NCYC , H , NPARTS i CR EQO ■  E , ITV , XMTBF , CPHR  OATA  110 

RE  AO  (4,*,ENO*10)  POEF  OATA  120 


IF  (POEF)  10,10,20 
P0EF*0. 001*NPART3 
GO  TO  30 

P0EF*P0EF»NPART3 
00  60  1*1. M 

REAO  (4,  *,1)0*40)  AOEF(l) 

IF  (AOEF(Z))  40.40.50 
AOEF( I )« . OOS*NPARTS 
GO  TO  60 

AOEFt I  )*ADEF( I )*NPART3 

CONTINUE 

WRITE  (6.470) 

REAO  (5.* I  IT ABLE 
IF  (ITA8LE.LT. 1)  60  TO  90 
WRITE  (6,5001 

IF  (CREDO. GE.9.E9)  GO  TO  70 

WRITE  (6,520)  NPARTS.M.POEF.CREGO, XMTBF 

GO  TO  SO 

WRIT*  (6*460)  NPARTS.M.POEF 
WRITE  (6.510) 

WRITE  (6,530)  ( I,AOEF( I ) ,I*1,H> 

00  140  11*1. H 
00  140  12*1.5 

REAO  (11,»,ENO*100>  Pd.11,12) 

IF  ( P( 1 .11 .12 ) )  100,100,120 
00  110  I*1.NCTC 


OATA  130 
OATA  140 
OATA  150 
OATA  160 
OATA  170 
DATA  ISO 
OATA  190 
OATA  200 
OATA  210 
OATA  220 
DATA  230 
DATA  240 
OATA  250 
OATA  260 
OATA  270 
OATA  280 
OATA  290 
OATA  300 
OATA  310 
OATA  320 
DATA  330 
OATA  340 
OATA  350 
OATA  360 
OATA  370 
DATA  300 


202 


■4 


i 

i 

r 


ix«  mi, 11,121*1.0 

SO  TO  14* 

120  00  130  Xn.HCYC 

13*  MI.I1.I2)*M1,X1,I2) 

14*  CONTINUE 

oo  i*o  xw.n 

00  140  12*1.5 

REAO  <0.*.£NO*150 1  P(1>X1>X2 ) 

IP  (m.Il.X2n  150.150.170 
150  00  100  1*1. were 

FIX.  1.121*0.0 
7(1,2.121*0.0 
MI,  3.221*0.0 
1*0  7(1.4, 121*4.0 

00  TO  140 

170  OO  100  X*1,NCYC 
100  P(X,X1.X2)*P(1,11.X2> 

140  CONTINUE 

oo  240  n*i.n 

00  240  12*1.5 

*E*0  (4,*»EN0*200)  *1(1. XI. X2), 02(1. XI. 12) 
IP  (*1(1. XI. I2M  200.200.220 
C 00  00  210  Xn.HCYC 

:iO  *1(1. XI, 121*0.5 
00  TO  240 

220  00  230  1*1, NCTC 

230  *1(1.11, 12)  **1(1, II >12) 

240  IP  (R2( 1 .11.12 M  250,250.270 

250  00  2*0  1*1, NCTC 

2*0  *2(X.X1.K2 1*0.5 

*0  TO  240 

270  00  200  1*1, NCTC 

200  *2(X.X1.X2)**2(1.X1.X2) 

240  CONTINUE 

00  430  X1*1,N 
00  430  12*1.5 
READ  <4,*,EM0»300I  82,03 
IP  182)  300,300,350 
300  SO  TO  (310.320.330.340).  XX 
310  CR1(1,X2)«0.0 

00  TO  3*0 

320  CR1(2.X2)«0.0 

00  TO  3*0 

330  CRD  3.121*0.0 
00  TO  3*0 

340  011(4, 121*0.0 

*0  TO  3*0 

.350  CRD  XX.  121*82 
3*0  IP  (83)  370,370.420 

370  SO  TO  (380,340,400,4101,  XI 

380  CR2( 1,12 1*45. 

00  TO  430 

340  CR2( 2, 221*300. 

*0  TO  430 

40*  CRD  3.12 1*440. 


BAT*  340 
DATA  400 
BATA  410 
OATA  420 
BATA  430 
OATA  440 
OATA  450 
OATA  440 
OATA  470 
OATA  400 
OATA  440 
OATA  500 
OATA  510 
OATA  520 
OATA  530 
OATA  540 
OATA  550 
OATA  540 
OATA  570 
OATA  500 
OATA  590 
OATA  400 
OATA  410 
DATA  420 
OATA  430 
DATA  440 
OATA  450 
OATA  440 
OATA  470 
OATA  480 
OATA  690 
DATA  700 
DATA  710 
OATA  720 
OATA  730 
OATA  740 
OATA  750 
OATA  760 
OATA  770 
OATA  700 
OATA  790 
OATA  000 
OATA  010 
OATA  820 
OATA  030 
OATA  040 
OATA  850 
OATA  860 
OATA  070 
OATA  080 
OATA  090 
OATA  900 
OATA  910 
OATA  920 
OATA  930 
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60  TO  430 
0  CR2(4,I2>»0.0 

40  TO  430 
0  CR2(  11,12  >*03 

«  continue 

xf  imoLe.LT.il  so  to  440 
wire  (6.5401 

write  (6.490)  c j,o)2( j,i),j*i,h> 

0  00  430  I*t,)icrc 

00  450  J»l.M 
NJ«N(J) 

00  450  K*1,NJ 
m,j.Ki<F(i,j.x) 

RKX.J.K  )*R1( l.J.K ) 

0  R2(X.J.K)*R2(1,J,K) 

00  460  12*1  .(1 

TIST  0)*:  CONSTANT  TEMPERATURE 

READ  (12. *)  AtlAXlK X2 ) . AfllNllf XZ) 
RE AO  (12. •)  AMAX12(IZ),AMIN12(IZ> 
TeST  TWO!  CYCLED  TEMPERATURE 

READ  1 12.*)  AMAX2K  IZ)  (AMIN2K  IZ) 
READ  (12. •)  AMAX22( XZ) ,AMIN22( XZ) 
REAO  (12. »)  AMAX23( XZ ) >AMIN23( XZ) 
READ  ( 12.*)  AMAX24J  XZ ) . AMXN24( XZ ) 
TEST  THREE!  RANOOM  VIBRATION 

REAO  (12,»)  AMAX31  (  XZ ) . AMIN  jl ( XZ ) 
READ  (12.»)  AMAX32(  IZ).AM**t32(  XZ' 
TEST  FOURS  SINE-SWEEP  VIBRATION 
REAO  (12.0  AHAX4K  XZ ) .  AMXN4K  XZ) 
REAO  (12.»>  AMAX42(IZ),AMXN42(XZ) 
TEST  FIVE!  SINE-FIXED  VIBRATION 
REAO  <12.»)  AMAX5K  IZ),AMIM51(  IZ) 
READ  ( 12.*)  AMAX52(XZ).AMXNS2(XZ> 
0  CONTINUE 
RETURN 


FORMAT  ( 5X/V5X , '  IF  YOU  NISH  A  TABLE  OF  INPUTS  ENTER  1,  IF  NOT,', 
1 ENTER  ZERO: •  ) 

FORMAT  (•  1 >5X.17,5X>I1,4X,F13.0>12X> ’NA*  >13X. 'NA‘ > 

FORMAT  (17X, •LEVEL', X3.30X.F10.0) 

FORMAT  ( 1X///////34X . '  PROGRAM  DATA'/'  •  ,00(  )/•  •  ,7X,  'NPARTS' 

IX.' LEVELS'. 3X,'(P0EF  X  NPARTS)' >6X» 'CREQO' >10X. 'MTBFV  '.OOC-' 
2/) 

FORMAT  (1X////33X,'  ASSEMBLY  DATA  V  ’  ,«0(  •  '  )/•  ', OX.  'ASSEMBLY 
lEVEL'.ZX.'  ' ,2X, 'EXPECTED  NUMBER  OF  ASSEMBLY  0EFECT3 V  ' ,AX.14( 
2'  >,SX,3S(  V  )//) 

FORMAT  ('  ',5X,I7.5X,I1.4X,F13.0,2X>F13.2>5X.2X.F13.0) 

FORMAT  C  ',11X,X2,27X,F9.0> 

FORMAT  ( 1X////33X i '  REWORK  '.'COST  V  ' ,00( •  • )//) 

ENO 

SUBROUTINE  MEAN  (XN.XUMB.XNP.T.OMSS.FALL) 

IF  (0M33.GT. 0.999)  GO  TO  10 
IF  (T.LE.l.E-9)  50  TO  10 
A0*XN*XLAM8 
Al*XNP 


OATA  940 
BATA  950 
OATA  960 
OATA  970 
OATA  900 
OATA  990 
0ATA1000 
0ATA1010 
0ATA1O2O 
0ATA103O 
0ATA1040 
OATAIOSO 
0ATA1060 
0ATA1070 
OATAIOSO 
0ATA1040 
0ATA1100 
0ATA1110 
0ATA1120 
0ATA1130 
0ATA1140 
0ATA1150 
0ATA1160 
0ATA1170 
0ATA1160 
0ATA1190 
DATA1200 
0ATA1210 
OATA1220 
DATA1230 
DATA1240 
0ATA1250 
0ATA1260 
0ATA1Z70 
0ATA1280 
OATA1290 
'  0ATA1300 
0ATA1310 
0ATA1320 
DATA1330 
i 30ATA1340 
)/OATA1350 
0ATA1340 
LOATA1370 
•_0ATA1380 
0ATA1390 
0ATA1400 
0ATA1410 
0ATA1420 
0ATA1430 
BEAM  10 
MEAN  20 
Me  AN  30 
MEAN  40 
MEAN  50 
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•HB 


I 


nl 


V 


KM 
HUM 
HUH 
HI  AM 
MAM  100 
HUM  110 
HUM  UO 


OM-AlOOl  OHS9 1/*  XLAHB*T ) 
At«M»XUr« 

f  AU« AO*T»Al»<  1  .  -exw  -At*T  1 1 
•0  TO  to 
10  ULL«0.0 

to  oeTuw 

SNO 
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PROGRAM  LISTING  FOR  ADAPT.  FORT 


Preceding  page  blank 
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oikemsion  ntn 5),  isctid.  mi!i,  tsis),  cortem,  onisi. 

’">  It'iU(J),  AFAUI3).  APFAUI3).  AUFAUI3),  FI3),  HABXI3). 

nut,  P3LI3),  KSi.13),  BUIS),  PBU(3>.  UBUI3).  T3KS). 

3  AMTCFI 7.7),  F3S?1(7>,  «3gM(7> 

FU5*0.0 

fig/O  (2,-*>  ISM.f1.NPAffT3.P0gF.A0gF 

ffgAO  <  13. •  I  X>OP.XUMPl.XUNP2,XUMCl.XUMC2 

OSAO  1 13. •)  TIMS. AT 

«A3  <2.»)  TSI 1 I.TSI 2 )iT3( 3t 

oo  io  1*1.1 

TSI  I )*l.-TS(  I ) 

T31(I)«T3(I) 

cotikui 

»2.'.0  12,  *1  COM!ll).CCi;EI2),COHg(3) 

#e*.0  (2,«)  ONI  1 )  .0)11 2 ) .OX!  3 )  .PLCFT 
WITS  16,260 1 
c:i*ie!i3i-Pi.«FT) 

00  20  KK*1,7 

PSE!'(KK)*(  AMAXll 0.  .PLSFT-4.  ♦FLOATOUI ) )  1 
00  20  Ft*l .7 

;r«*1IKU*AfUXll  0.  ,0)13-4. *Ft.QAT(KU  I 


Pf  AlU  MAIN  1. 

NA3KPMAIN  20 
ATI  3). MAIN  30 
MAIN  40 
MAIN  SO 
MAIN  60 
MAIN  70 
MAIN  00 
MAIN  90 
MAIN  100 
MAIN  110 
MAIN  120 
MAIN  130 
MAIN  140 
MAIN  ISO 
MAIN  160 
MAIN  170 
MAIN  ISO 
MAIN  190 
MAIN  200 
MAIN  210 


AMT3FI KX ,Kll«(  XdOP-WEMI Kt  I  (•XIAMCIaI FLOAT!  NMrTSNPWEM)  KK )  )«XtAMPMAIH  220 

ll«,.r:.MIKU»XLAMC2*PPgM(KK)»XLAMP2  MAIN  230 

A)rr£F(KK,XL)*l./AMTBF(KK,KL)  MAIN  240 

CCNTIJIUe  MAIN  2S0 

«StM  MAIN  260 

MAIN  270 
MAIN  200 
MAIN  290 
MAIN  300 
MAIN  310 
MAIN  320 
MAIN  330 
MAIN  340 
MAIN  350 
MAIN  360 
MAIN  370 
MAIN  300 
MAIN  390 
MAIN  400 
MAIN  410 
MAIN  420 
MAIN  430 
MAIN  440 
MAIN  4S0 
MAIN  460 
MAIN  470 
MAIN  400 
MAIN  490 
MAIN  500 
MAIN  510 
MAIN  520 
MAIN  S30 
MAIN  540 

a:  ITSF I  f  XNOP-ULEFT  JAXtAISl  ♦<  F  LOATI  NPAffTS  1-PLIFT  )»XUMP1*ULEFT»XIANCMAIN  550 


!i"ITg  16,2701 
30  30  tc:<*l,7 

WITS  16.200)  PSEMIKK  )  ,1 AMTBFIKK ,KL >  .KL*1 • 7) 

WITS  (6.2  :0  I 
OSAO  (S.»>  INTER 
IF  (INTER. GT.O)  SC  TO  40 
PSP’. 99 
GO  TO  50 
WITS  (6,3301 
PgAO  (5,»)  Pgff 
WITE  (6.310) 

CO  60  K*1.3 

F(K)*CC.:g(K><Of.*(K) 

ccjtinue 

PFALU  1  l*IFIX(  (  P0gf»(  COMgl  1  )-ON(  l ) )  l/CCHSI  1 ) ) 

i:falu  1  )*cc:'g(  1  i-ori(  i  )-pfaui  i  ) 

Pf  ALL(  2  )*I?IXf  ( POgF-PFAUI  1 ) )»( COMgl  2  (-ONI  2 )  l/CCMSC  2 )  I 

i.'Fai.li  2  )scc:::i  2  i-c::?  2  i-pfalu  2 ) 

PFAUI I  >3lFI/(  ( POEF-PFALU  1  )-PFAU(  2 )  )*l  COME!  3 1-03(1  3 )  l/COMEI  3 ) ) 
l.TUU  3)-C0".!(  3 l-CNt  3 )-PFAll(  3 ) 

IF  (FLAG. ST. 0.0)  PLEFTiPOEF-PFALLI  1 l-PFALLI 2 l-PFALLI 3 ) 

ULIFT*0JI(  3 l-PLEFT 
WITS  (6,320) 

16.3301 
(6.320) 

16.350) 

(6, 343 )  MPABTS, ACEFI 1 ) ,A02F( 2 ) , AOEFI 3 ) , PLEFT 
(6.373) 

(6.300) 


wits 

WITS 

):.7ITE 

WIT* 

)r?ITE 

WITS 


12*flbft»xump2  . win  mo 

8HT8F*1./IW1TBF  WIN  570 

»ITt  10,390)  P0EF,T3(1),T3(2).T3(3).«LIFT  . MAIN  530 

mm  (0,340)  WIN  590 

wire. (o,4oo)  win  ooo 

mm  (0,410)  0N(1),0N(2),0N(3),RHTBF  WIN  010 

mm  (0,340)  WIN  020 

mm  (0,320)  WIN  030 

mm  (0.420)  win  040 

mm  (0,4201  win  050 

mm  (0.430)  WIN  000 

mm  (0.440)  WIN  070 

mm  (0,400)  win  ooo 

mm  (0.450)  WIN  090 

mm  (0.470)  WIN  700 

miTI  (0.400)  WIN  710 

mm  (0,430)  WIN  720 

DC  80  IJ*1,3  WIN  730 

CALL  BCifO  (F(IJ).»'..'IJ),B»  (IJ).PCT)  WIN  740 

call  bc*j?jd  ( rFALL(iJ), tom ij>, polk iji.per)  win  750 

CALL  eCJNO  (>.'ALL(  IJl.LSLdJ  I  >USU( IJ  ),PSR)  WIN  700 

30  cofmiwe  win  770 

mm  (0,490)  PFALLt  1 )  ,UFALL(  1 )  ,F(  1  )>PFALL(  2)  ,UFALL(  2 )  ,F(  2 )  ,PFALL(  WIN  780 
13 )  iUrAl.Lt  3 !  ,F(  3 )  WIN  790 

mm  (0,400)  WIN  800 

ISITS  (0.520)  WIN  810 

mrr*  (o.sioi  win  020 

mm  (0,400)  WIN  830 

mm  (0.490)  PBU(l).NSU(l).8Ull),PBU(2),H3U(2).nJ(2).P8U(3),U3U(3WIN  340 

1 )  .CJ(  3 )  WIN  850 

mm  (0,400)  '  win  800 

mm  (0.500  win  a7o 

mm  (0,513)  WIN  880 

vnrs  (0.400)  WIN  890 

mm  (0.493)  PBLd  ),K8L(  1 )  >8L(1 )  >PBL(2  ),W9L(2  )>BL(2  ),PSL(  3),UBL(  3WIN  900 

3L(3)  WIN  910 

mm  (0.400)  MAIN  920 

mm  (0,440)  WIN  930 

IF  ( F LAS. ST. 0. 0 )  SO  TO  180  WIN  940 

CO  TO  90  WIN  950 

90  CALL  INT  fXN0P,NPARTS,PlCFT,0N(3),XLAMPl,XLAra>2.XLAnCl.XLAMC2>  MAIN  900 
mm  (0,530)  win  970 

9V.D  (5.»)  IA0APT  WIN  980 

IF  (IAOAPT.LT.1)  SO  TO  220  WIN  990 

mm  (0.540)  winiooo 

BEAO  (S,»)  IFALL  WIN1010 

IF  ( IFALL. ST. 0)  SO  TO  120  WIH1020 

mm  (0,550)  WIN1030 

REAO  (S.»)  AFALLt  1 ) , AFALL( 2 ) . AFALL( 3 )  WIH1040 

IC’JE-0  WXM1050 

ICO  C2  110  1*1,3  WIN1000 

rt*.RX(I)*0  WIN1070 

IF  (AFALL(I).LT.BL(D)  WPK(I)*1  WIN1030 

110  CSMTI)"JE  WIN1090 

WRKT*!V.RK(  l  )*WRK(  2  )»WRK(  3)  WIN1100 


ISO 


130 


140 


ISO 


100 

170 


100 

190 

200 

210 

220 

230 


240 

C 

c 

2S0 

240 


IF  (trUOKT.n.O). AtC. (ICUC.OT.O)I  80  TO  140  . 

IF  (ttWXT.LC.O)  GO  TO  240  . 

CAU  MUFLOM  (turn. cortc. ON, T3.AFAU.F, nttt, XUMF1.MFA0T3I  . 

F LAS* 1.0  . ' . 

tom  14,540 1  . 

CO  TO  70  . 

tarn  (4,570)  . 

IFa*0 

00  130  1*1.3 

taut  u.ssot  i  . 

■CAD  (5,»>  APFALUIl.ANFALLd)  . 

AFALLf  I)*AFFALL(I)*AMFALL(I)  . 

continue  . 

ICUC«1  . 

SO  TO  100  . 

OO  170  1*1,3  .  ... 

IF  (APFALL(I). SC. F8UIM  SO  TO  ISO 

PfAU(I>«APfALL(I) 

UFALLI I  )*AUFALL(  I ) 

HAPKRM1)*! 

IF  (AKFALLd.SC.USLd))  GO  TO  140  .  . 

UFALLI I  )*AUFALL(  I ) 

PfAlL(Il*APFALl(I) 

KA9KPUI  1 1*1 

AFALLt  I  >*PFALL(  I  )  ♦UFALLI  I ) 

cerritoe 

IPUsHASKPWI  1  HHAJtKPWI  2 )  ♦HAPKPVI  3 ) 

IF  (IPU.EQ.O)  GO  TO  240 

CAU  KJflOt  (HAPKPU, COM*, ON, TS.AFAU.F, TltlC, XLAhHi.NPAPTa, 

FLAG*1.0  . 

IOITC  (4.5401 
SO  TO  70 

IF  (IPU.LT.l)  GO  TO  200  . 

00  190  J*1.3  . 

HARXI  JUHAPKPWI  J) 

CONTINUE  . 

CO  210  J*1.3 

IF  (HAKK(JI.LT.l)  SO  TO  210 
CAU  SOtVC  (J.ISCJt.TS.TSl.AT) 

CCMIKUE 
inrrc  (4,S90) 

READ  (S.*l  IEQ 
IF  IIE0.LT.1)  GO  TO  230 
CAU  ECJtV  (XEO) 

SUITE  (4.233) 

OJAO  (3,»)  ICL.T1F 
IF  dCUSSf.LT.l)  SO  TO  240 
XNP*0N(  2  )«A0SF(  3 ) 

CAU  FTinE  (NPARTS.XLAHPl ,XNP,TS( 3  )»TIHE( 3) ) 

STOP 


HAINU10 

RAZN1120 

HAIN1130 

KADU140 

HADU130 

HADU160 

HAIKU  70 

HADU190 

HAIN1190 

HAIN1200 

IUIM1210 

HADU2I0 

HAIN1230 

HA  DU  240 

HAIN1250 

HA  DU  26  0 

HAIN1270 

HAIN1290 

HA INI 2 90 

HAIN1300 

HA IK1 310 

HAIN1320 

HAIN1330 

HA IM1 340 

HA IN 1350 

HAIN1360 

HA  INI  370 

HA IN1 390 

HAIN1390 

HA  IN1 400 

HAIN1410 

RAIN1420 

HAIN1430 

HA  INI  440 

HAIN1450 

HAIN1460 

HAIN1470 

HA  IN1 490 

HAIN1490 

HAIN1500 

MADU510 

HAIH1520 

HAIN1530 

HAIN1540 

RAIN7.530 

HAINI560 

HAIN1570 

HAIN1590 

HAIN1S90 

HAIN1600 


HAIN1610 

HAIN1620 

FOPHAT  ( 1X/5X , *  IF  TCU  HAVE  TIHES  TO  FAILURE  FOP  LEVEL  III1 ,  •  ENTEPHAIN1630 
1  1.V6/.  IF  SOT.  E!(TE»  zero:')  HAIN1640 

FCTHAT  ( IX///. V//20X. 'INSTANTANEOUS  HTBF  FCT  PEHAININS’/23X,  •  FLAUMAIN1650 


210 


IS  AT  tNO  Of  SCREENING  V//28X, '  WORKMANSHIP* >  MAaH1440 

FORMAT  (IX.1  PASTS  |•,7(4X,F5.0)/lX,7^(•-,n  MAIHX670 

FORMAT  ( 1X.F7. 0,1X, ' I ' ,7(4X,F5.0 ) )  MAIN1680 

FORMAT  )1X//////SX,'IF  TOO  WISH  A  .*9  PROBABILITY  IMTEPVAL.  INTER'HAIN1690 
1,'  ZERO'/SX.'IF  YOU  NISH  TO  ENTES  A  SMALLER  PRC3A8XLXTY  (70S’.'  A  HAIM1700 
{NARROWER  INTERVAL I'/SX.* E1ITER  Q1E:')  MAIM1710 

FCPHAT  I SX.' ENTES  PROBABILITY  OESIREO:')  MA INI 720 

FORMAT  <////////2SX, 'STRESS  SCREENING  FLOW  OIAGRAMV/)  MAIN1730 

FORMAT  (lX.5(X2f  ),3X)>  HAIN1740 

FORMAT  (IX.'  I  INCOMING  I  SIX. 'I  LEVEL  1  I', IX, 'I  LEVEL  2  l ' ,3X, 'MAINX7S0 

XI  LEVEL  3  I  * ,3X. • I  OUTGOING  I*)  MAIH17M) 

FORMAT  (1X.5('I',10X,‘I',3X>)  MAIN1770 

FORMAT  (lX.'ISPASTS:  I * ,3X,3) ' lAOEF«  *  >AX. ’ I ' .3X), ' tOEF  P  REM: I 'HAIN1780 

U  HAINX790 

FORMAT  (IX. ' I ' .119. ' 1 1 i3X.3( ' 1 1 .F10.0, ' I ' ■ 3X J . ’ I ' .F10.0. ' I ' )  .  HAIN1300 

FORMAT  (1X.4('|',10X.'I  —  '  I '  ,10X, '  I  * )  MAIN1810 

FORMAT  (IX. ' ISOEFECTS:  I • ,3X.3( ' ITS*  I  * ,3X1, • I  * , 'OEF  H  REM: IMAIH1820 

l'l  MAIN1830 

FORMAT  (XX, ' I ' , F10.0, ' I ' ,3X,3( ' I ' , F10.3, '  I '  >3X), '  I ' .F10.0, 'l'l  MAIHie40 

FORMAT  (XX, ‘ I ' ,XOX, ‘ I ' ,3X,3( ' lOEF  PASSSOl * ,3X), * IMTBF:  l*>  HAIN1850 

FORMAT  ( XX. ' I ' . 10X, ' I ' ,3X,4(  ' I ' .FXO.O. ' I ' ,3X) )  MAIU1S60 

FORMAT  (21X.3( 'I ,,14X1)  MAIHX870 

FORMAT  (21X.3I 'V' ,14X11  KAIN1830 

FORMAT  ( 15X , 3( X4( *  - * ) , IX ) I  HAIN1890 

FORMAT  (15X.3CI  EXPECTED  I  MX))  MAINX900 

FORMAT  (15X.3( *  I  * , X ZX . ‘ I ' , XX ) )  MAINI9X0 

FORMAT  (XSX.3CI  FALLOUT:  I',1X>)  MAINJ920 

FORMAT  (15X.3( ' I  PST  UXM  TOTl'.lX))  MAIN1930 

FORMAT  ( X5X ■ 3( ' I  * . 3( F4 . 0 ) . ‘ I' , XX ) )  MAIN1940 

FORMAT  (  X5X.3I  '  I  LC-'R  ENO  FOR t ' , XX > )  MAXM1950 

FORMAT  ( XSX , 3( ' IC3S  FALLOUT: 1 • ,1X) >  MAIN1960 

FORMAT  (15X,3('|UPPR  BNO  FCRl'.lX))  .  MAIH1970 

FORMAT  (1X////5X.'IF  YOU  HAVE  FALLOUT  NUMBERS  ENTES  X.  IF  NOT*,',  MAIH1980 

1 ENTER  ZERO:')  MAIN1990 

FORMAT  (SX.'IF  YOU  HAVE  SEPARATE  FALLOUT  FOR  PARTS  AMO  ' , 'UCRKMAHSMAXN2000 

1HIP  ENTER  ONE'/SX.'IF  YOU  HAVE  TOTAL  FALLOUT  ONLY  AT','  EACH  LEVELMAIN2910 


2,  ENTER  ZERO:') 

FORMAT  (5X, '  ENTER  THE  THREE  ACTUAL  FALLOUT  NUMBERS,  IN  OROER, 


MAIN2020 

•HAIM203C 


1ST  LEVEL: ' 1  HAIN2040 

FORMAT  < 1X/////24X, ' STRESS  SCREENING  RESULTS: '///»  MAIN2059 

FORMAT  15X.  'ENTER,  IN  OROER,  ACTUAL  FALLC'JT: '/SX, 'DUE  TO  ( A ) ' ,  'MAXM2060 
1  PARTS  (8)  WORKMANSHIP,  AS  PROMPTED: ')  MAIN2070 

FORMAT  (SX.'FCR  LEVEL' .12 )  MAIN2039 

FORMAT  ( 1X/5X , ' IF  YOU  WISH  TO  ANALYZE  EQUIVALENT  SCREENS  * , 'ENTER  MAIN2090 
X  CMS '  /6X , '  IF  NOT,  ENTER  ZERO:')  MAIN2100 

EfO  MAIN2110 

SUBROUTINE  B0«O  (X.eL.BU.PER )  BOUN  10 

OIMENSICN  8(2),  PR<2)  BOUN  20 

IF  (X.LE.O.)  GO  TO  SO  BCJN  30 

PS(2)»( I. -PER  1/2.  COUN  40 

PR( 1  )*PSR*PR( 2 )  BOUN  50 

XX*2»X  BOUN  60 

BCUN  70 

CO  40  1=1,2  BOUN  80 

B( X)=( ( (FLOAT) 1-2 )*2.53»SG3T(2. >)*SCRT( 2 . »2 . 56**2 *4*X1 ) >/2)**2  BOUN  90 


10 

IF  (BUI. IT. 0.5)  SO  TO  20 

OOJN  100 

CALL  nCH  ( XI  ,Bt  X )  >F<  IER  > 

eoui  lie 

P*P-P9( 1 1 

BOON  120 

B1*S( I)«0.30S 

BOUN  130 

CALL  K5CH  (XI. 81. PI, HO) 

eOUN  140 

Pl«Pl-r3(II 

BOUN  150 

Bfl«ef  l)-(p»0.005  )/(Pl-P) 

BOUN  1*0 

if  (absion-biiu.le. s.ooosi  go  to  jo 

BOUN  170 

8(  1 1*01 

BOUN  1B0 

GO  TO  10 

BOUN  190 

20 

6(X>*0.0 

BOUN  200 

CO  TO  40 

BOUN  210 

JO 

B(I)*Bt1 

BOUN  220 

40 

ccnnsje 

BOUN  230 

BL*FLOAT(  IFIX( ( AHAX1(B( 1 ) >2. )-2.  )/2.)l 

BOUN  240 

xr  (B( 1 ) . LE. 2 .4)  61*1 . 

BOUN  250 

rj*FLOATI IFIX( B( 2 1/2 . *0. 0 ) * 

BOUN  260 

IF  (BU.LE.O. >  6U=0. 

BOUN  270 

GO  TO  ■‘O 

BOUN  2B0 

so 

BL*0. 

BOUN  290 

eu*o. 

BOUN  300 

to 

PETUPN 

BOUN  31" 

«ta 

BOUN  320 

SLOtCUTINE  MEAN  (N.XIAMB.XHP.T.OMSS.FALL) 

nEAN  10 

IF  ((TSS.GT. 0.999)  GO  TO  10 

MEAN  20 

A0*tCXLAM3 

MEAN  30 

A1*X*(P 

MEAN  40 

BK*-AL05(  CM33 )/( XLAM3»T  ) 

MEAN  50 

A2*PK*XUf» 

MEAN  *0 

FALL*A0»T*A1«>1 1 . -EXPf -A2*T ) ) 

MEAN  70 

CO  TO  20 

MEAN  BO 

10 

F  '.Li  *0.0  • 

MEAN  90 

20 

senstt 

MEAN  100 

Eta 

MEAN  110 

!LS*OUTI>W  KTJFLOU  ( MASK  .CDtE ,0N.T3,AFALL»F,TIME .XLAMB1  ,NPAJtT3 ) 

NUFL  10 

CWEKSICM  HAPK( 3).  CCMEI 3),  0N(3>.  T3(3),  AFALL(J),  F(3).  TIMt(3> 

NUFL  20 

00  10  1*1,1 

NUFL  30 

IF  tM.rPX(I).LT.l)  GO  TO  10 

1AJFL  40 

T3(I)*AFALL(Z)/C0ttE(II 

NUFL  50 

10 

CCTTITJE 

NUFL  60 

IF  (fl*PK(  l  l.LE.0 1  GO  TO  20 

NUFL  70 

PUCS*CCME(  1  )*(  1.  -TS(  1 )  1 

NUFL  BO 

ccmk  2  )*coT«(  2  )♦(  puce-onc  i  t ) 

NUFL  90 

CN(1)*PUCE 

NUFL  100 

F(  1  )*CC12(  1  )-Ct((  1 ) 

NUFL  110 

20 

IF  (MABK(  2 ) .  LT.l )  GO  TO  30 

NUFL  120 

T3( 2 )*AFALL( 2  )/CGME( 2  ) 

NUFL  130 

.SO 

CM3S*1.-T3I2> 

NUFL  140 

C'.LL  MEAN  (MPA8T3.XLAM31  ,CQME( 2 ) .TIME! 2 )  ,d33,F<  2 ) ) 

NUFL  150 

PLACE*CCT(EI  2  )-F(  2 ) 

NUFL  160 

COT;*  ( 3 )  sCCtTE  ( 3 )  ♦  ( PUCE -0*11  2 ) ) 

NUFL  170 

CM?  2  )<PUCE 

NUFL  1B0 

IF  (MABK( 3t.LT.ll  SO  TO  40 

NUFL  190 

T3(  3 )»AFALL( 3  >/CCME( 3 ) 

NUFL  200 

49 

<StSS*i.-TS<3l 

NUFL  210 

212 


CALL  MAN  (MPART3.XLA»l.COME(3>.TINt(3).OHS3,7( JM . NUPL  l» 

0N( 3)*C0HE( 3)-7( 3)  . HU7L  <30 

RETWN  . NU7L  240 

OS  .  . .  . NUPL  *30 

SLCROUTXNC  SOLVf  ( J.I3CR.T3.T31  .AT)  . SOLV  30 

OIMfmiON  1301(31.  TS(31.  TSK3I.  AXIS).  PARAH(3.S.4I . SOLV  to 

MUXKO  1*  . .  SOLV  30 

co  xo  m»j,3  . «oiv .  *• 

00  XO  Ml  .3  . sotv .  so 

00  XO  H*l,4  . . SOLV  *0 

17  tiK.NE.21.AN0.tH.QT.2M  60  TO  XO  . SOLV  70 

RCAO  (12.01  PARAHtIH.IC.Hl.PARAHtIH.K.NI  . SOLV  M 

XO  C0MT3NUC  .  .  . 3CLV  00 

00  *0  MX. 3  . SOLV  100 

nn«*  . solv  no 

17  IXSCRfNI.EQ.2)  «t*4  . SOLV  120 

PARAM(  J.XSCRt  N )  ,191  )*AT(N)  . SOLV  130 

*0  CONTINUE  . SOLV  140 

IT*0  SOLV  ISO 

CALL  7  I J  .Cl .  XT .  SARAH ,  T3 ,  T31 .  ISO) .  T1 .  TNEH I  . SOLV  160 

rr«i  solv  170 

n«ATcji  solv  mo 

CALL  7  (J.Cl.IT.PAIIAH.TS.TSl.ISCR.Tl.TNEU)  . SOLV  190 

10*130)01  .  .  SOLV  *00 

GO  TO  (30.4O.S0.S0.S0I,  X6  SOLV  210 

30  If  (TN6W.CT.240.  )  TN6H*240.  . . SOLV  220 

ksrre  (*.701  j.TNtw  . solv  230 

CO  TO  60  SOLV  240 

40  17  (THtU.8T.40. 1  TNEW»40.  . SOLV  250 

ASXTE  (6,00)  J.THCW  .  SOLV  260 

CO  TO  60  .  SOLV  270 

SO  17  (TNEU.6T.60. I  TNEU*40.  .  .  SOLV  280 

1MTE  (6.901  J.TNtw  .  SOLV  290 

60  CONTINUE  . SOLV  300 

return  .  SOLV  310 

c  SOLV  320 

c  SOLV  330 

70  700J1AT  (1X//5X,' INCREASE  TIME  ON  LEVEL’, I*,’  TO  ’,710. 2. 1  HOURS.  •  130LV  340 

00  7CSHAT  (1X//5X,’ INCREASE  NUMBER  07  CYCLES  ON  LEVEL'. X2.*  TO  ',710. SOLV  350 

12// 1  SOLV  360 

90  7C3MAT  ( 1X//5X,  '  INCREASE  TINE  ON  LEVEL  M2,’  TO  ’,710.2.’  NTNUTES  ’  SOLV  370 

1//1  SOLV  380 

E13  SOLV  390 

SU3C0UTTNE  7  ( J.Cl.IT.RARAN.TS.TSl .ISCR.T1 .TNEH)  7  .10 

0XNE1SICM  PARAW3.S.4),  X3CR(3),  TS(3),  T31(3)  7  20 

IS*XSCR(J)  7  30 

CO  TO  (10.50.80.00.80),  XC  7  40 

.10  17  (IT.CT.O)  GO  TO  *0  7  SO 

TTKE*PARAM(  J.1,21  7  60 

ST*TS(JI  7  70 

SO  TO  30  7  80 

20  T10.**(  !CuM(  ITCR(  J1,RARAN(  J,ISCR(  Jl.l)  )»T1**.3)/C1)**2  7  .  90 

63  TO  <.0  7  100 

30  R*A5S( 2?.*PARAN( J.1,1 ) I  7  110 

OT*ALCC(EX!’U.I*l.)  7  120 


213 


M 

M 

70 

00 

00 

100 

110 

113 

130 

10 

to 

30 

43 

10 

e 

c 

to 


a«<  -a108(  1 .  -ST/. 6 S  l/<  «** .  4  *07442 . 7*TWt** .  f ) ) 

•man 

If  C IT. 07. 01  00  TO  *0 
NCY*PA»A*< J.2.4) 

ST»T3( Jl 

60  TO  70  . 

T>SU*((COK(X3C»(J).PASAmj.XSO><  J>,1>)*T1*4.5>/C1)442 
tmsm 

R«P1DAM<  J  .  1 . 1  l-PARAMJ  ,  1 . 2 1 
0T*AICS<  EXP< 1 .  WPASA.K  J .  2 , 3 ) ) 

Cl*< -AtOSI I . -ST/. OS l/<  B*« .4*07442. 7*HCY*4,5I ) 

CETUSN 

T*rAR.*„n  j.iscpi  ji.2) 

ST*T3( Jl 
I6«I33)UI 

60  TO  140, 40,40, 100. 1101.  10 
0« . 144*PARAM< J . 3. 1 1- . 0842 

e»o.s 

60  TO  120 

0«.0435*PABAMJ.4.1  H.1043 
««0.0 
<0  TO  120 

0» . 04J34PAPAHI J ,S . 1 1* . 324 
1«0.2 

IP  CIT.6T,8I  SO  TO  130 
Cl*-Al£S( l . -ST/O )/T**e 
■rrusii 

TSC.'*(  (T14.2*CCH(  I2CR(  J I  .PAPAfIC  J,  ISCPt  J  >  ,1 1  >  >/Ci  >**U./E  I 

return 

03 

PUSTTON  CON  (It  PAR  AH  I 
CSM*0.0923 

CO  TO  140.40.10.20.30),  I 
CCN*< . 244*P/4AM»1.402 )**< -1 ) 

60  TO  40 

Cet*(  .01744PAR.U1*7.047)**<-1I 
GO  TO  40 

C2N*< -.419»PARAIU6.420 1**( -l  I 

RITUPM 

2?3 

S13.4CUTTNE  EOUIV  (1120) 

DIMENSION  P<  5.3.2 1  ■  ISCSI  2 1 

ISITE  <4.1301 

PUG*0. 


p 

130 

p 

140 

p 

ISO 

p 

160 

p 

170 

p 

ISO 

p 

140 

p 

200 

p 

210 

p 

220 

p 

230 

p 

240 

p 

250 

p 

260 

p 

270 

p 

260 

p 

290 

p 

300 

p 

310 

p 

320 

p 

330 

p 

340 

p 

350 

p 

360 

p 

370 

p 

360 

p 

:jo 

p 

400 

p 

410 

p 

420 

CON 

10 

CON 

20 

CON 

30 

COM 

40 

CON 

50 

CON 

60 

CON 

70 

CCN 

80 

CON 

90 

CON 

100 

EQUI 

10 

EOUI 

20 

EQUI 

30 

EQUI 

40 

isrre  (6.1401 

REAS  (3.41  ISCSI  1 ) 
wrrs  <4.1501 
RtAO  <5. » I  ISC.71 2 1 


ECJI  so 
ECUI  60 
ECUI  70 
ECUI  00 
EOUI  40 


BO  70  1*1.2 
GO  TO  (20.30),  X 
117 IT E  (6.160) 

«*irc»< i ) 

CO  TO  (40,50.40,40.60).  N 


EQUI  100 
ECUI  110 
ECUI  120 
ECJI  130 
EQUI  140 
ECUI  150 


30  MRTTfc  (4>170)  ...  8001  140 

H*ISCR(X>  ...  EQUI  170 

69  TO  (40.50.40.40,40),  H  EQUI  160 

40  kRITE  (4,160)  .  .  EQUI  190 

READ  (5.*)  E(l,l. I). E(l, 2.1)  .  .  EQUI  200 

69  TO  70  EQUI  210 

SO  mm  (4,140  >  EQUI  220 

READ  <3.»>  8(2. 1. 1), 8(2, 2. 1), 8(2, 3. 1)  EQUI  230 

69  TO  70  EQUI  240 

40  WITS  (4.200)  EQUI  250 

8EA0  (5,«)  Pi  ISCSI  I), 1,1), 8( X3CR( I) ,2,1)  EQUI  260 

70  CONTINUE  EQUI  270 

C  EQUI  200 

Kd  EQUI  290 

CALL  SS5  (ISCR(1).Y.9,X, FLAG, GTS)  EQUI  300 

WRITE  (4.210)  STS  EQUI  310 

K*2  EQUI  320 

Xl«l.  EQUI  330 

J*0  EQUI  340 

CALL  9S8  (T3CR(K),K,P,X, FLAG, GTS)  EQUI  350 

18  (FLAG.GT.u. )  GO  TO  110  EQUI  360 

l«*I3C9(2>  EQUI  370 

GO  TO  (60.90.100.100,100).  MM  EQUI  300 

60  WRITE  (6,220)  X  EQUI  390 

CO  TO  120  EQUI  400 

90  (SITE  (6,230)  X  EQUI  410 

69  TO  120  EQUI  420 

100  WRITE  (6.240)  X  EQUI  430 

110  . FLAS*0.  EQUI  440 

120  WR1  E  (6,230)  EQUI  450 

SCAD  (5,»)  L  EQUI  440 

I r  (L.ST.OI  GO  TO  10  EQUI  470 

.  RETURN  . .  EQUI  460 

C  EQUI  490 

C  EQUI  500 

130  FORMAT  ( 1X/1X , ' FOLLOWING  ARE  TOE  SCREEN  EQUATIONS  AVAILABLE : ' /IX , ' EQUI  510 

11.  CCN5TAMT  TEMPERATURE VIX. * 2.  TEMPERATURE  CYCLING' /IX, ' 3.  PANECUI  520 
COOM  VIES ATION ' /IX , '4.  SINE  SHEER  VIBRATION * /IX , *5. • , ’  SINE  FIXEOECUI  530 
3  VIBRATION*///)  EQUI  540 

140  FORMAT  (IX. ’ENTER  NUK3ER  FROM  ABOVE  LIST  CORRESPONDING  TO  GIVEN  *, EQUI  550 
1‘SCREEN: * )  EQUI  560 

150  FORMAT  (IX.* ENTER  HUMBER  FROM  ABOVE  LIST  CORRESPONDING  TO  ','OESXREQUI  570 
ICO  SCREEN: * )  EQUI  580 

160  FORMAT  ( 1X/1X , *  ENTER  PARAMETERS  FOR  GIVEN  SCREEN:*)  EQUI  590 

170  FORMAT  (1X/1X. ‘ENTER  PARAMETERS  FOR  0E3I3E0  SCREEN; */2X, ’ENTER  ZEREQUI  600 

10  FCS  PARAMETER  TO  BE  FOUND:’)  EQUI  610 

160  FORMAT  (1X/1X. 'ENTER  ABSOLUTE  VALUE  OF  DIFFERENCE  BETWEEN’, ’  TEMP  EQUI  620 
.  1IH  SEG  C  A)3  25  OEG  0’/2X,'A)3  TIME  IN  HOURS’  )  EQUI  630 

190  FORMAT  ( 1X/1X. ’ ENTER  RAN5E  IN  OEG  C’/2X,’TEMP  RATE  OF  CHANGE  IN  DEEQUI  640 
16  C/J1IN' /2X , 1 AN3  NUJOER  OF  CYCLES’)  EQUI  650 

250  FORMAT  I 1X/1X • ’ ENTER  G  LEVEL  AN3  TIME  IN  MINUTES’)  EQUI  660 

210  FORMAT  ( 1X/1X, ’ TEST  STRENGTH  FOR  GIVEN  SCREEN*’ ,F7. 4)  ECUI  670 


220  FORMAT  (1X/1X. '  PARAMETER  IN  DESIRED  CONSTANT  TEMP  SCREEN*’ ,F10.1 )EQUI  680 
210  FORMAT  ( 1X//1X , ’ PARAMETER  IN  DESIRED  TEMP  CYCLING  ’, ’SCREEN*’ .F10.EQUI  6V0 


11) 


EQUI  700 
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w 

f 


24  0 
250 

10 

20 

so 

40 

50 

40 

TO 

60 

40 

100 

110 

120 

*139 

140 

ISO 


SSESr  rm  0”IBto  viw*noN 

eNTCT  ZERO: 


ias:^£!F«  st^ts5^T5^?m,,wi  ™ 


ip  mot 

B9 

SISMWTm!  SSP  f:eUE,X,P,X,PU6,GT3> 

OWUSlei  P(  5 , 3  ■  2 ) 

60  TO  110,30.90,90.50),  1CUI 

IP  (K.eo.U  SO  TO  30 

IP  <Pf  1,1,2). ST, 0.0)  SO  TO  20 

laiiwis8*  s'  ~j<T3/ •  ” • 1 1/1  “ • ' 0°*3|,*COS1  tXPl 1 .  U1  ■  )—*  ■ 7—1 1  .*.* 
SO  TO  40 

££— 2°®*  1  ‘  *®TS/  *S  1 1/1  *  •  ■ 9«*3»*UW(  CXP<  X .  )*l .  )*•*.  7— <  1 , 1 ,2 1 

•mow* 

f»«m.l.X) 

T«PU.2.X> 

l,“*XW -••MI*#**. 4*41061  2XP(  1.  )♦!.  )**{. 7»T«h».3)  ) 

«Tu.i,mnm 

IP  ( P( 2 , 1 ,K ) . 6T . 0 . 0 1  SO  TO  40 
•msm 

IP  (P<2,2,K).ST.0.0)  SO  TO  70 

x«exr>?x^ \-ui¥n  \6S  m " '  00zz*9{  *  * 1  ,K  *  •  s*k  i**.3  )  >«*<  1 . 

sstuki 

■m»M 

0*P( 2.1.K ) 
t!ST»P)2.3.K) 

0T*4103( IXP( 1 . )«P( 2,2,K ) ) 

OTS*.OS»(  1.  -CXP(  - .  0023— .640T—2. 7*(TST»».5 ) ) 

wfn^rji 

IP  IK.(q.l)  60  TO  100 

IP  <P(ICUE,2,K).6T.0.0)  GO  TO  190 

T«P<ICU2.2,K) 

so  to  mo. no, no. i20, 130).  icue 

8*.264»Pt ICUE , 1 ,X  )*1 .402 
0*.144*P«ICUS,1,X)-.C342 
c*.s 

SO  TO  140 

e*.9174*P<IClrt.l,K)*7.J47 
0* . 0635«P( ICU2 , 1 ,X  )  * . 1045 
C^.O 

CO  TO  140 

3*-.419»P(ZCUC,l,X>40.42 
0*.043?*rHC'  £.1, XI*. 324 
C».2 

CO  TO  ( 160,153),  X 

IP  (0T3.GT  0)  SO  TO  140 

X*J -e  *4LC5(  1 . -3TS/0  ))<.•(  1  ./C ) 

SO  TO  170 


IECUI  720 
IWJI  730 
ICUI  740 


53P 

S3P 

S3P 

SSP 


10 

20 

30 

40 


SSP 

50 

.51 )SSP 

40 

SSP 

70 

SSP 

00 

.4 1 )SSP 

40 

SSP 

100 

SSP 

110 

SSP 

120 

SSP 

130 

SSP 

140 

SSP 

150 

SSP 

140 

SSP 

170 

SSP 

ioo 

SSP 

190 

S3P 

200 

SSP 

213 

.7)  SSP 

220 

•», 

230 

SSP 

240 

SSP 

250 

SSP 

240 

SSP 

270 

SSP 

260 

S3P 

290 

SSP 

300 

SSP 

310 

SSP 

320 

SSP 

330 

SSP 

340 

SSP 

350 

SSP 

340 

SSP 

370 

SSP 

300 

SSP 

390 

SSP 

400 

SSP 

410 

SSP 

423 

SSP 

430 

SSP 

440 

SSP 

450 

SSP 

440 

SSP 

470 

SSP 

403 

SSP 

490 

SSP 

500 

SSP 

510 

216 


160 

170 

ICO 

190 

too 


210 

220 


C 

c 

c 

230 

240 


10 

20 

30 

40 


SO 


70 


WITt  (4.230) 

FLACal. 

RETURN 

CTSaO*)  1 .  -EXP(  -T<H*C/B ) ) 

RETURN 

xin. . . ; 

J»0 

».’aXl-<SSFl(ICUE.l.P,Xl)-GTS)/SSFl(ICUE.2,P.Xl) 

J»J*i 

XT  ( J.GT.50)  GO  TO  220 

IF  ( ACS( XN-X1 ) . LE . 0 . 005 )  GO  TO  210 

X1*XN 

IF  (X1.LE.0. )  X1*J 

GO  TO  200 

X*XM 

return 

HJITE  (4.240) 

FLAGn. 

RETURN 
DEBUG  IN IT 


FORMAT  (IX. ‘SOLUTION  NOT  POSSIBLE  FOR  DESIRED  G  LEVEL.') 
FORMAT  (IX. ‘SOLUTION  CANNOT  BE  FOUND  BT  INTERNAL  METHOD. V2X, * 
1A  GRID  OF  POSSIBLE  SOLUTIONS. 1 ) 

Eta 

FUNCTION  SSF1  (I0S.L.P.X1) 

DIMENSION  P(5.3.2) 

GO  TO  (10.20.30.30.30).  IOS 

T*X1 

RETURN 

RtSTaXl 

RETURN 

T*P( IOS, 2  >2 ) 

GO  TO  (40.40. 40,30.60).  IDS 

6».266*X1*1.402 

BCa.264 

Da . 144»X1- . 0862 
00*. 144 

C».S 
GO  TO  70 

Ba.0176»Xl*7.097 

88».0176 

0a.e&3S*Xl>.106S 

OOa.063S 

C».0 

GO  TO  70 

8*-.419«Xl*8.620 

C3*-.419 

0«.0433»X1*.324 

DO*. 0435 

C*.2 

IF  (L.LT.2)  69  TO  60 

S3Fl*eO-0O»EXP(  -T*«C/B )-D*( ( T»*C/B»«t )**B8*EXP( -T»*C/B ) ) 

RETURN 


SSr  520 
SSF  530 
S3F  540 
SSF  550 
SSF  560 
SSF  570 
SSF  500 
SSF  390 
SSF  600 
SSF  610 
SSF  420 
SSF  630 
SSF  440 
SSF  650 
SSF  660 
SSF  670 
SSF  600 
SSF  690 
SSF  700 
SSF  710 
SSF  720 
SSF  730 
SSF  740 
TRY  SSF  750 
SSF  760 
SSF  770 
3SF1  10 
3SF1  20 
SSF1  30 
SSF1  40 
SSF1  50 
SSF1  60 
SSF1  70 
SSF1  00 
SSF1  90 
SSF1  100 
SSF1  110 
SSF1  120 
SSFl  130 
SSF1  140 
SSFl  150 
SSFl  160 
SSFl  170 
SSFl  ISO 
SSFl  190 
SSFl  200 
SSFl  210 
SSFl  220 
SSFl  230 
SSFl  240 
SSFl  250 
SSFl  260 
SSFl  270 
SSFl  280 
SSFl  290 
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SO  SJF1»0»(  1 . -EXPI  -T»«C/B ) )  SSFl  300 

RETURN  SSFl  319 

CS  jjfi  jso 

SLcaoumf  int  <xnop.npart3.pieft,tieft,xlampi,xlamp2,xlanci.xlahcint  la 
12)  XHT  20 

C  1XT  M 

tarn  <4.2o>  int  40 

A0*<  X>r?-Tl2FT»Pt2r7  )»XLAMC1*<  FLOAT!  NPARTS )-PLEFT)»XUMPl  IKT  SO 

Al«Tl£FT  IKT  00 

A2*<PL£FT*XLAHP2*ITL£FT-PL£FT)»XLAMC2),'TLEFT  INT  70 

T«2C00.  ...  INT  SO 

00  10  lal.lO  .  IHT  00 

e*  *o»T»*i*a .  -expt  -/«* r  i )  zkt  100 

XMT3F*T/t  INT  110 

KRITE  (4.30)  T.XMTBF  XMT  120 

T*r*20CO.  INT  130 

io  continue  zxr  i«o 

RETURN  INT  ISO 

C  INT  140 

C  INT  170 

20  FORMAT  1 1X///AW20X,1  INTERVAL  NTBFV/27X, 171  )/29X, ’TIME  I*, 'INT  100 

1  NTBF'/27X.17< '-• ))  INT  190 

39  FORMAT  (  20X 1 74 . 0  > '  l',F7.0)  INT  200 

EN3  INT  210 

subroutine  ftihe  imparts. xlamb.xhp.ss, time  )  mn  10 

C  SUCPSC3TAN  TO  *IT  FAILURE  DATA  TO  FT IN  20 

C  M<T)*A0»T*A1I  l-LXPI  -A2»T) )  FTW  30 

C  V  <I.«  IftSL  ROUTINE  2XSSO  FTW  40 

C  FTW  SO 

EXTERNAL  AMEANV  FTW  40 

RLAL»4  PARni  4).X(  2 )  .F(  200  )  .XJACI  200,2) ,XJTJ<  3),U0RK(413)  FTW  70 

REAL**  T(  200  >  FTW  00 

COMKSI  Z3Q.A0  FTW  90 

C  FTW  100 

XNsFLOATI  MPARTS  )  FTW  110 

RX>-AL0S(1.>S3)/(TIME«XLAM8)  FTW  120 

ism  (4.10)  FTW  130 

READ  I3.»)  N  FTW  140 

K«2»M»13  FTW  ISO 

CALL  OPT  (AMEANV, XN,XLA*.XNP,RK,PABM,X.F,XJAC.XJTJ, WORK, T.H.K.TWFTW  140 
IE)  FTW  170 

RETURN  FTW  100 

C  FTW  190 

10-  FORMAT  I SX. 'ENTER  NUTTS  ER  OF  FAILURES  0URIN9  FINAL  SCREEN:')  FTW  200 

E)3  FTW  210 

SU3SCUTIHE  OPT  ( AMEANV,  XN.XLAFB.JOIP.RK , PARTI, X.F.XJ AC, XJTJ, WORK, T.rtOPT  10 

l.K.TIME)  OPT  20 

.  DIMENSION  PAPNI4),  X(2).  FIN),  XJACIN.2).  XJTJI 3),  HORK(K),  TIN)  OPT  30 

CCT-4S1  ZSO.AO  OPT  40 

WRITE  <6.201  OPT  SO 

00  10  IJ«1.M  OPT  40 

BEAD  IS.»I  T(IJ)  OPT  70 

WRITE  <17. *)  T( 1J )  OPT  00 

io  continue  •  opt  90 

N*2  OPT  100 
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XXJAC«H 

N3I«*4 

eps*o.o 

0ELTA*0.0 

KAXFN*500 

IOPT*l 

AO*XN»XlA« 

X(1)*XNP 

x(2>*rk*xlam8»i.E3 


OP  i 
OPT 
OPT 
OPT 
OPT 
OPT 
OPT 
OPT 
OPT 


C 

20 

30 


10 

20 

30 

C 

44 


CAU  ZX3S9  < AMEANV.H.N.NSIG.EPS.DELTA.HAXFN.IOPT.PARH.X.SSG.F.XJACOPT 
1. IXJAC.XJTJ.UOTK, INFER, IER)  OPT 

X(2  >SX( 2 )»1.E-S  OPT 

C3S*(1.-EXP<-X<2)*TINE)>  OPT 

WRITE  (4.30)  X( 1 ) .CSS  OPT 

RETURN  OPT 

OPT 

FORMAT  <5X. ’ENTER  FAILURE  TIMES  (HOURS).  IH  OROER,  AS  PROMPTED:*)  OPT 
FORMAT  (SX.'THE  FAILURE  TIMES  INDICATE  THAT  THE  ESTIMATED  NUMSER’/OPT 
1SX,*  OP  DEFECTIVES  ENTERING  THE  SCREEN  IS  *.F10.0/5X,'  AND  THE  ESCPT 
2TIKVTE0  SCREENING  STRENGTH  IS  •.F3.3,*.*) 

END 

SU05CUTIKE  AMEANV  (X.M.N.P) 

REALM  XX(  2  ).FF(200 ) .TT(  200) 

REALM  X(N).P(H).T( 200 ) 

CCM.:CN  ZSO.AO 
REMIND  17 
XX(  1 )=X( 1 1 
XX(2)*X(2)*l.E-3 
DO  30  in.n 
RCAO  <17. »)  T(I) 

TT(  I  )*T(  I ) 

IF  (TT(I)*XX(2).6T. 170.00)  GO  TO  10 
IF  (XX( 2  I.LT.O.OO)  WRITE  (6,40) 
FF(U*AO*TT(X)*XX(1)*(1.00-OEXP(-XX(2)*TT(I)))-OFLOAT(I)  AMEA  130 

GO  TO  20  AMEA  140 

FF< I )*AO«TT( X >»XX< 1 )-OFLOAT( I ) 

F( I )*FF( I ) 

CONTINUE 
RETURN 


OPT 
OPT 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA 
AMEA  100 
AMEA  110 
AMEA  120 


110 

120 

130 

140 

ISO 

160 

170 

100 

190 

290 

210 

220 

230 

240 

250 

260 

270 

2S0 

290 

300 

310 

10 

20 

30 

40 

50 

60 

70 

80 

90 


FORMAT  (IX, 
1ECCE0. ' ) 
END 


'NEGATIVE  A2  ATTEMPTED— NEW  EXPECTED  VALUES  MAY',1 


AMEA  ISO 
AMEA  160 
AMEA  170 
AMEA  180 
AMEA  190 
BE  NAMEA  200 
AMEA  210 
AMEA  220 
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5  MISSION 

i  of 

§  Rome  Air  Development  Center 

n  KAQC  plum,  and  executes  research,  development,  tut  and 

•  ^tlected  acquisition  programs  in  support  o$  Command,  Centro t 

5  Communication*  and  Intelligence  (C37)  activities.  Techiicai 
%  a*d  engineering  support  within  areas  of,  technical  co'»->ctencc 

6  **  provided  to  CSV  Program  Quiets  IPOs )  and  other  CSV 
y  elements.  The  principal  technical  mission  areas  are 

g,  communications ,  electromagnetic  guidance  and  control,  si.r- 
*S  vcillance  of  ground  and  aerospace  objects,  intelligence  data 

•  collection  and  handling,  information  system  techno  lean, 

S  ionospheric  propagation,  solid  state  sciences,  micrrmve 
%  physics  and  electronic  reliability,  maintainability  and 
k  compatibility. 


